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1 Introduction

Background Information

The Army’s Sense And Destroy Armor (SADARM) system is a para-
chute-delivered antiarmor weapon system currently undergoing fuli-scale
engineering development. The final system configuration will consist of a
submunition whose firing from some altitude above the target will be trig-
gered by onboard algorithms whose input will include data from sensors
that operate in both the thermal infrared and millimeter wave portions of
the electromagnetic spectrum.l

Prototype SADARM sensors have been tested under captive flight test
conditions during various stages of their development by contractors com-
peting for the production contract. The test program that took place at the
U.S. Army Yuma Proving Ground (YPG) in September 1990 was one of a ‘
series of tests in desert environmental conditions. Overall SADARM sys- 3
tem development responsibility lies within the Office of Project Manager,

SADARM at the U.S. Army Armament Research, Development and Engi-
neering Center (ARDEC), Picatinny Arsenal, New Jersey.

Objective of Study

ARDEC asked the U.S. Army Corps of Engincers to conduct test sitc mea-
surements sufficient to characterize the background near targets with:n the
sensors fields of view during the YPG captive flight tests. These data in-
cluded measurements to determine the impact of changing environmental
conditions (e.g., time of day, meteorology, immediate climatological his-
tory) on background signatures. This study provides data that is not only
immediately useful to ARDEC and its contractors, but also to the long-term

I Belcher, C. L., Richards, M. A., and Alexander, P. M. (1990). “Millimeter wave data
reduction and analysis for support of system evaluation,” Final Technical Report, Project A-8415,
Georgia Institute of Technology, Atlanta, GA.

Chapter 1 Introduction




Corps of Engineers goal of developing and improving background signa-
ture modecis.

Scope of Report

Following an introductory section on how the site characterization data
collection effort was conducted, subsequent sections of this report provide
more detail on specific data sets; namely, what was measured, what instru-
ments were used, and, where appropriate, data samples and/or the results
of some preliminary analyses.
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2 Data Collection Effort

Control Site

To avoid conflicts with activities within the actual SADARM test area,
a nearby patch of terrain was selected for detailed characterization mea-
surements (Figure 1). This area, hereafter referred to as the Control Site,
was carefully chosen to be representative of the terrain contained within
the SADARM test area, while at the same time being limited enough in ex-
tent to allow for meaningful terrain characterization measurements. The
Control Site (Figure 2) contained most of the vegetation species that ex-
isted in the SADARM test area as well as a well-defined desert wash
whose banks and gravel bottom could be easily viewed from the sensor
platform described in the following paragraphs.

Observation Tower

A platform from which the Control Site could be viewed at various de-
pression angles was designed and assembled (Figure 3). Sensors posi-
tioned on this platform included two thermal infrared imaging systems, an
active millimeter wave radar, and two millimeter wave radiometers.
Safety concerns limited the height of the observation tower to about 10 m.
Further concerns about the possibility of sudden flooding through the
wash because of heavy rains forced the tower to be placed far enough up-
slope from the wash banks to secure its footing.

Because of the safety factors discussed above, the resulting range of de-
pression angles for viewing vegetation in the wash and other relevant
wash features were limited to a range of 10 to 30 deg.I While these an-
gles are not typical of SADARM sensor parameters, they are nevertheless
the best compromise available. Furthermore, the surrounding desert pave-
ment could be viewed at depression angles of as much as 70 deg.

! To convert degrees (angles) to radians, multiply by 0.1745329.

Chapter 2 Data Collection Effort
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Figure 1.

Conirol Site and SADARM test area locations
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A mobile measurement platform was discounted
for two reasons. One was that such platforms are
typically not stable ¢nough to allow for the opera-
tion of the millimeter wave systems. Generally,
one does not want more than a quarter of 4 wave-
length of motion of a sensor during data collection.
This allows only about 2 to 3 mm of motion during
data collection, an unreasonable expectation for a
mobile platform. Another reason for not using a
mobile platform is that repeatability of data collec-
tion viewing angles and ranges to terrain patches is
virtually impossible. One of the purposes of mak-
ing these measurements is to examine the effects of
varying environmental conditions on terrain electro-
magnetic signatures, and one must have confidence
that sensor view angles are virtually unchanged
over a range of measurement times.

An air-conditioned trailer was rented and placed
adjacent to the observation tower to provide a facil-
ity for the array of computers and other system con-
trol hardware required for operation of the sensors Bz AN -
on the tower and for the limited onsite analysis of G - ; (1
those data as well as the meteorological data also it
collected near the Control Site. The trailer was un- ‘ .
usable for its intended purposes for the first several
days of onsite operations because of the unavailabil- Figure 3. Observation tower and
ity of YPG personnel to complete the electrical instrumentation trailer
power hookup.

Overview of Measurements

As stated earlier, the objective of this measurement exercise was to
characterize the electromagnetic signatures of terrain in and near the
SADARM test area that would form the background to targets being

sarched for by the contractor sensing systems during the Captive Flight
Test. This involves not only image data or pseudo-image data that might
be immediately useful to ARDEC and its contractors for establishing back-
ground signature statistics, but also data that can be used as input to first-
principle terrain signature prediction models and data that simply provide
a qualitative basis for what were the test site conditions.

Control Site measurements made during the SADARM Captive Flight
Tests can be grouped into the following classes:

a. Boundary layer radiation exchange data.

b. Ground surface characteristics.

Chapter 2 Data Collection Effort



¢. Vegetation charactenstics.

d. Thermal infrared measurements.

e. Active millimeter wave measurements.
Subsequent parts of this report will address each of the parameter measure-
ments, describing in some detail the types of measurements, the frequency

of data collection, the types of instruments used, and, in some cases, exam-
ples of preliminary data analyses.
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3 Boundary Layer Radiation
Exchange Data

Meteorological Information

During the early stages of setting up for measurements at the Control
Site, personnel began collecting data that would provide input to atmo-
spheric boundary layer radiation exchange models
as well as onsite weather reports. A 6-m meteorolog-
ical tower (Figure 4) was set up near the observation
tower and outfitted with instruments that recorded
the following parameters:

a. Air temperature and dew point at 0.5-, 2.0-, and
6.0-m elevations above the ground.

b. Horizontal wind speed and wind direction at
0.5,2.0, and 6.0 m.

c. Barometric pressure at 1.0 m.

d. Downwelling and upwelling radiation in the
wavelength band of 0.3 to 50 um at an
elevation of 1.0 m.

A rain gauge was also set out near the met tower,
but no precipitation occurred at the Control Site dur-
ing the duration of these measurements. Data were Figure 4. Control Site meteor-
collected from the met tower in I-min intervals, ological tower

Appendix A contains a complete listing of all of the meteorological
measurements made at the Control Site, with cach number representing an
average of 1-min measurements made during the preceding 15-min period.
Figure 5 is a plot of downwelling radiation over a period of several days
combined with air temperature data at 0.5-m clevation that clearly shows
that air temperature is not solely a function of solar loading. Over the
11-day period of data collection, peak daily solar loadings were compara-
ble, while both mean and peak air temperature decrcased with time.

Chapter 3 Boundary Layer Radiation Exchange Data
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Figure 5.  Diurnal variation of solar loading and air temperature
Soil Temperature Profiles

Two sets of near-soil-surface temperature profile data were collected
within the Control Site. These data consisted of average physical tempera-
tures measured by thermistors placed at known depths in soil pits and
backfilled. Temperatures measured at 60-sec intervals were averaged over
15-min periods and recorded on magnetic tape using Campbell Scientific
CR21 microloggers.

Two soil pits were dug for this purpose. One was located on the north
side of the wash within the Control Site, and the other was located on the
north bank of the wash (Figure 6). The soil outside of the wash was typi-
cally gravelly sand, while that on the bank consisted of a layer of about
40 cm of sandy silt overlaying gravelly sand. Thermistors were inserted
into the soil in one corner of each pit at the approximate depths below the
surface of 0.0, 2.5, 5.0, 10.0, 20.0, 40.0, and 70.0 cm. The thermistor
wires leading to the microloggers were buried in a shallow trench from
the profile location to where the microloggers were hidden from view of
the sensors on the observation tower.

Appendix B contains a listing of the soil temperature profile data col-
lected from each pit. Figure 7 is a plot of representative soil temperature
data recorded in the wash bank pit. Note that the temperature at a 70-cm
depth is stable and that gradients between the surface and 70 cm can be
nearly +20 °C during the heat of the day and as much as -10 °C at night.
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4 Ground Surface Physical
Properties and
Characteristics

General Description

Both the thermal infrared and active radar signatures of background ter-
rain are dependent upon the material at the surface, the roughness of the
surface at the appropriate sensor wavelength, and the geometry of the sur-
face with respect to the sensor; i.e., surface slopes. General comments are
in order prior to presentation of specific data.

Surface soil within both the SADARM test area and the Control Site
can visually be classified into three broad categories. First of all there is
the soil not affected by water flowing through the desert washes. It is typi-
cally a gravelly sand in which the gravel at the surface has been exposed
by wind and water to form desert pavement (Figure 8), a layer of closely
spaced small stones (most less than 2 ¢m) also subjected to chemical
weathering to form the browish surface called desert varnish. As one
moves closer to the wash, this desert pavement appears disturbed possibly
by water action, the movement of animals, or by man. There is still a cov-
ering of surface stones, but without the desert varnish (Figure 9). It is the
disturbed pavement that dominates the soil cover within the Control Site
and near the washes within the SADARM test area.

The bottom of well-developed washes such as that within the Control
Site typically contain a gravelly sand (Figure 10). Surface particle sizes
are generally much smaller than those of the desert pavement. Hydrologic
factors account for the deposition of this gravelly sand within the wash.

The banks of the wash are a complex mix of soil types. As indicated in
an earlier section, a thick silt deposit exists high on the banks. Again, hy-
drologic factors could account for these deposits, with the lighter silt
particles being dispersed throughout the flowing water rather than simply
tumbling along the bottom of the wash as would be true for the gravel. It

Chapter 4 Ground Surface Physical Properties and Characteristics
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is also possible, as shown in Figure 6, that the underlying material can
also be exposed by water action, leaving a very rocky type of soil material.

Soil Classification

Appendix C contains the results of laboratory classification of various
soil samples taken from the Control Site and reported in the nomenclature
of the Unified Soil Classification System. Results labeled “Flat” refer to
the samples taken from the soil pit dug in the gravelly sand outside of the
wash, whereas those labeled “Wash Bank” refer to the pit dug in the bank
of the wash.

Moisture Content

Moisture content in the test area soiils can have a dramatic effect upon
either the thermal infrared or millimeter wave signatures of the terrain
background. Focusing again on the three types of surface soils, numerous
soil moisture samples were collected during the conduct of this test site
characterization effort. These samples were weighed onsite, sealed, and
later dried and weighed again to determine gravimetric moisture contents.
Figures 11-13 illustrate that the gravelly sands in both the wash bottom
and outside of the washes were quite dry, as expected, with moisture con-
tents varying between 0.75 and 2.5 percent.

Moisture content measurements on the sandy clayey siit on the wash
banks were much more variable because of a combination of its texture
and the prior weather at the test site. Several days prior to the arrival of
the measurement team, the Yuma area had experienced heavy rains. As
shown in Figure 6 by the darker patches of soil on the banks of the wash,
some of the silt remained fairly wet for several days after the rain, proba-
bly because of the clay content of the soil. Data computed from samples
taken in what apparently was damp soil are labeled as “wet” on Figure 13
and show a range of values from 13 to 17 percent. The “dry” wash bank
silt moisture samples had values ranging from 1 to 4 percent, tending to
be slightly higher in moisture content than the gravelly sands from the
wash bottoms and surrounding areas.

Control Site Topography

Knowing what the ground elevations are like within the field of view may
be very important, as well as the soil texture and moisture content, when in-
terpreting the performance of a sensor that is scanning the terrain. Suriace
slope data are important in modeling the reflectance of all electromagnetic

Chapter 4 Ground Surface Physical Properties and Characteristics




Figure 8. Typical desert pavement
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Figure 10. Typical wash bottom material
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energy, whether the energy source falls in the visible, thermal infrared, or
millimeter w~ve portion of the spectrum. For this reason, a detailed topo-
graphic survey of the Control Site was conducted and the data included in
the SADARM site characterization data package. Figure 14 is an example
of these data plotted at a contour interval of 50 cm using the SURFER
software package.
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Figure 11. Gravimetric moisture contents for desert pavement
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Figure 12. Gravimetric moisture contents for wash bottom gravelly sands
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5 Vegetation Characteristics

General Description

Experience has shown that vegetation presents a definite thermal infra-
red contrast with background soil, especially during midday conditions of
high solar loading. From an active millimeter wave sensor perspective, a
large plant or tree serves as both a scattering center because of its wood
structure and as an ahsorber because of its moisture content. In fact, living
vegetation has often been modeled as a “cloud” of water, to a first approxi-
mation, because of the moisture contained within the twigs and leaves.

Most of the terrain at and near the SADARM test site and the Control
Site has minimal vegetation cover. However, a significant amount of vege-
tation in the form of bushes and small trees exists along the banks of the
desert washes, especially the well-developed washes. The following para-
graphs describe the dominant species within this test area, provide quanti-
tative data on surface area coverage, and discuss methods to estimate the
volumetric moisture content of some of the species.

Species Identification

Table 1
SADARM Test Area and Control Site
Vegetation Species Table | contains a list of the dominant
Abbre- spacies of vegetation that are found primar-
Scientific Name Common Name | viation ily in and around the developed washes at
Ambrosia dumosa white bur sage AMDU the SADARM test site and within the Con-
Cercidium floridum blue palo verde CEFL trol Site. Photographs of each of these
Cercidium microphylium | yeliow palo verde | CEMI species can be found in Appendix C.
Encelia farinosa brittiebush ENFA
Krameria paravifolia white ratany KRPA
Lar(ea indentata creosote bush LATR Are a' D en Sit ' es
Lycium sp. wolfberry LY—
' Olyneya tesota desert ironwood OLTE
Opuntia sp. pencil cholla oP— As indicated previously, desert pave-

Note: sp. = the species could not be identified in the field, | Ment was nearly devoid of vegetation;
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most plants and bushes wer o tound within the well developed wash arcas
Vegetation also existed in what were catled “secondary washes™ such as
that shown in Figure 13, which are often not more than topographical depres:
sions that collect water during rainfall. Quantitative data on the percent of
ground cover oftered by the various vegetation species were collected by
selecting several vegetation sample sites within the SADARM test arca
and one site within the Control Site to facilitate the identification of differ
ent plant types and the calculation of ground cover or areal density fiom
average plant diameter measurements. Table 2 identifics the physical arca
included within each vegeta-
tton sample site, and Table 3

1s a summary table for all ; . .
areal density measurements. ,;\{ggetiugn‘Sa[r]Ple Site Areas /

Note the extreme differences ! Sample | :
. 4 Site : Site Area
in percent cover between the ! Sample Site Name Location  m? :
desert pavement sample site Desert Pavement | SADARM  3684.1
and the three different devel- PN Test Site |

K Secondary Wash

oped wash sites Deveopeq vish Sis 1
| Developed Wash, Site2
Controf Site

The selection of the Control
.. . Developea Wash
Site was considered representa- R e
live of the developed wash
within the SADARM test area, since the total percent cover and individual
epecies were approximately the same as in the test area.

Figure 15 Secondary wash sample site at the SADARM test area
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| Table 3 ‘

Vegetation Areal Density Summary (Percent Cover)
Sample Site :
Desert Secondary | Developed Wash, | Developed Wash, | Developed Wash,

Species | Pavement | Wash Sitet1 Site2 : Control Site.
AMDU | — — - T 078
CEFL | — - RN IO S S
cemi oot <001 a0 =
ENFA 022 0.40 5.73 425 | 565
KRGR | 0.08 — - L= e
LATR 2.04 16.62 23.30 2113 LA ;
= = - 007 L. 1043 | 095 1
OLTE | — 3.39 18.04 1560 | 2846
UNK1 — — 0.35 0.29 7 0.10
UNK2 — — 1.18 1.22 -
UNK3 — — 0.31 0.43 -
UNK4 — — 0.91 0.48 — )
UNKS — — — 0.04 -
Totals | 2.34 5.17 58.87 73.09 54.03
Note: — = species not found at this location; UNKn - unknown species. N

Moisture Content

Plant moisture content has a significant impact upon how much energy
from the active millimeter wave sensor gets absorbed and/or scattered by
the plant. Therefore, a limited number of plant-moisture measurements
were conducted in the following way. A sample of leaves (if any). twigs,
and branches for a selected plant was collected from a known volume
within the plant. This sample was weighed onsite and later oven-dried
and reweighed. From these measurements the average volumetric mois-
ture content of several of the plant species was calculated and are shown
in Table 4. Recent weather was expected to have a significant impact
upon the number of samples taken for each species.

Table 4

Summary of Average Plant Moisture Contents

Species N Plant Water Plant, Dry gValer, percenr_
CEFL 5 865.48 774.82 53
CEMI 5 630.14 | 63242 |50 )
ENFA 7 851.00 105785 45

LATR 5 44950 82494 135
LY— s 64663 187505 |26
OLTE 5 195.28 | ase2e 34

Note: N = number of samples taken. S
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6 Thermal Infrared
Measurements

In addition to characterizing the SADARM test site in terms of sc’l
types, vegetation types, topography, and moisture contents, the measure-
ment team also collected calibrated thermal infrared and active millimeter
wave sensor data. This chapter of the report describes what kinds of ther-
mal infrared data were collected.

Figure 16. Ambient air temperature black-
body

24

Image Data

Measurement Setup

A pair of Inframetrics 500 thermal in-
frared imaging systems were attached to
the frame of the observation tower at the
Control Site on a remotely controlled pan-
and-tilt unit placed about 9 m above the
ground. One camera operated in the 3- to
5-pm wavelength band, while the other op-
erated in the 8- to 12-pm band. Separate
control units for each camera were oper-
ated within the air-conditioned tower en-
closure immediately behind the cameras.
Analog video images from each controller
were recorded on separate VHS recorders.
Both manual and audio logs were main-
tained for all scene recordings.

Calibration data for each set of imagery
were collected by pointing the cameras at
three different blackbodies located on the
ground a few meters north of the observa-
tion tower. Figure 16 is a photograph of
the ambient temperature blackbody. Fig-
ure 17 shows the two black plates uscd to
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Figure 17. Two passive blackbody metal calibration plates

provide nonambient reference temperature values. All three devices were
instrumented with thermocouples connected to a micrologger so that cali-
bration device physical temperatures could be recorded at regular intervals.

Summary of data collected

A list of all of the times and conditions under which thermal infrared
imagery of the Control Site were collected is shown on Table 5. Each
time data were collected, the measurement sequence included a scan of
the blackbodies followed by a 10-sec scan at each of 11 predetermined
views of the wash and its surroundings. Features of the scene were se-
lected for image measurement based on experience and a preliminary scan
of the terrain shortly after the observation tower was assembled and the
imaging systems made operational. Photographs that approximate the
fields of view of the thermal imaging systems for each of these predeter-
mined views are included in Appendix D. As an example of the types of
thermal imagery collected during this measurement period, Figure 18 con-
tains images of one view of the Control Site wash taken at midnight,
noon, and early evening that clearly show how environmental conditions
can affect the background conditions. Given that white is hot in these ther-
mal snapshots, one sees that the vegetation is hotter than the background
at night, cooler than the surrounding soils at noon, and radiates thermal in-
frared energy at about the same rate as the soils during “crossover” peri-
ods that take place in the early evening (and early morning).

Chapter 6 Thermal Infrared Measurements
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Table 5

Summary of Thermal Infrared imagery

Date

Time, hr

3 toSum

8 to12um

Remarks

13 Sep 90

0730-0749
0830-0844
1106-1119
1231-1242
1407-1413
1459-1508

KX X X X X

8- 1o 12-pm infrared system
experiencing phasing problems

14 Sep 80

0759-0804
0902-0909
1013-1020
1102-1108
1154-1200
1259-1305

® O X X X X

15 Sep 90

0032-0036
0100-0105
0151-0154
0212-0217
0309-0315
0400-0405
0500-0506
0600-0606
0700-0705
0838-0843
0900-0905
0915-0919
1200-1205
1412-1417
1500-1505
1603-1608
1730-1737
1800-1805
1811-1815
1900-1905
2018-2022
2124-2128
2200-2204
2300-2305
2345-2350

KX XM X X M X KXW MK XX XX K MK XN X KX XX

M X X X M X X XM XK MK XK XXM XXX MK KX XXX

Start of diurnal test

Very high winds

17 Sep 80

0800-0816
0830-0834
0900-0904
1010-1014
1100-1112
1208-1211
1320-1324
1403-1407
1453-1457
1501-1504

XX XK KX XXX X X

XK OH M XX XK XK K XX

18 Sep 90

1250-1253
1300-1311
1315-1316
1330-1331
1344-1346
1404-1405
1415-1416
1447-1448
1501-1501
1502-1502
1528-1528

XX XK M K XK KX X X X

MWK M XX KK KK XX

Site of 15t experiment

(Continued)
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Table 5 (Concluded)

-
i Date ; Time, hr i3 to5um 8 to 12 ym

!
| Remarks

' Control scene only

3 3¢ 2 % 3 % x % x x x

19 Sep 9¢ 0748-0748
0957-0958
1001-1001
1003-1006
: 1008-1011
[ 1142-1143
| 1323-1324
1503-1504
1521-1521
1523-1523

1558-1558

IS N

Site of 2nd experiment
Site of 2nd experiment H
Water added i

e R =

[ % % % 3 »x % % »x x %
!

|
}

| 20 Sep 90 0813-0819
0917-0922
i 1022-1027
. 1308-1314

o X X X
T X X X X
i e s

a. Visual

Figure 18. Control Site, scene 4 imagery {Continued)
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c. 8to 12 um, 1202 hr

b. 8to 12 um, 0034 hr

d. 8to 12 um, 1803 hr

Figure 18. (Concluded)

Chapter 6 Thermal Infrared Measurements
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Additional Measurements

Measurement setup

In an effort to quantify the temporal behavior of the thermal infrared
signature of terrain within the Control Site (and, hence, the SADARM test
area), a small portion of the wash that was out of view of the millimeter
wave systems was selected for further measurements. At this location
(Figure 19), eight staring radiometers, operating in the 8- to 14-um band
of wavelengths, were positioned on support poles to acquire data on se-
lected terrain features listed in Table 6. Photographs that indicate what
was being viewed by each radiometer are contained in Appendix E.

Tabl

T::,raeirsl Features Examined by the Staring Radiometers
Radiometer Number Terrain Feature

i Undisturbed desert pavement

2 Vegetation (AMDU), south side

3 Wash gravel

4 Shaded bank soil

5 Wash bank, north-facing

6 Vegetation (ENFA), south side

7 Vegetation {??), west side, later pointed toward silty soil
8 Deadwood, south side --

Summary of data collected

One-minute average temperatures for each of these radiometers were
stored on a Campbell Scientific 21X micrologger. Appendix D contains the
tabulated results of those measurements. Because of problems with the
holding mechanism, results for Radiometer 7 are not considered valid until
1715 hr on Day 263, at which time the radiometer was pointed downward
toward the silt on the wash bank and the holder firmly tightened. As an
example of the kind of data available from these measurements, Figure 20
shows the temporal variation in wash gravel apparent temperatures over a
period of several days.

30
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Figure 19. Photograph of the spot temperature measurement site
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Figure 20. Temporal variation in radiometric temperature for wash gravel
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Simulated Rainfall Experiments

Because of the total absence of rainfall during the Captive Flight Tests,
two simulated rainfall experiments were conducted near the end of the
measurement period. The purpose of these experiments was to demonstr-
ate the dramatic change in terrain thermal infrared signatures caused by
high soil moisture levels and to obtain quantitative data on how quickly
the terrain surface can dry out following a significant rainfall event.

The first experiment was conducted on the gravelly, clayey, silty, sand
near the base of the observation tower. The view through the thermal in-
frared cameras was at a depression angle of about 40 deg. An area on the
ground of about 5 m? was wetted with enough tap water to approximate a
rainfall of about 1 cm. Soil moisture samples were collected periodically,
the results of which are shown in Table 7. Thermal infrared images of the
wet soil and its immediate surroundings were collected during the times
listed in Table 5. A preliminary review of the image data indicates that
the initial thermal contrast between the wet soil and its surroundings was
approximately 6 °C. The soil surface took about 2 days to dry out.

A second experiment was conducted on the sandy, clayey, silt on the
south bank of the wash in front of the observation tower. The resulting de-
pression angle for the thermal imaging cameras was about 25 deg. As be-
fore, soil moisture samples were collected and image data collected.

Initial thermal contrast was approximately 6 to 7 °C, and, as with the grav-
elly sand, the silt took about 2 days to return to the dry state.

Chapter 6 Thermal Infrared Measurements
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Table 7
Soil Moisture Measurements Supporting the Simulated Rainfall
Experiments
Moisture
Time Content
Soil Date hr percent Note
Gravelly sand | 9/18/90 1230 0.7 Background
9/18/90 1240 2.8 Immediately after wetting
9/18/90 1310 125 Wet soil
9/18/90 1345 10.7 Wet soil
9/18/90 1415 9.9 Wet soil
9/18/90 1445 8.6 Wet soil
9/18/30 1545 7.4 Wet soil
9/19/90 0845 1.2 Background
9/19/90 0849 4.3 Wet soil
9/20/90 0750 2.4 Wet soil
9/20/90 0810 2.1 Background
Sandy silt 9/19/90 1550 1.8 Background
9/19/90 1600 34.2 immediately after wetting
9/19/90 1630 24.2 Wet soil
9/19/90 1700 23.6 Wet soil
9/19/30 1730 222 Wet soil
9/20/90 0758 148 Wet soil
9/20/90 1730 2.7 Wet soil

Chapter 6 Thermal Infrared Measurements
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7 Active Millimeter Wave
Radar Measurements

Measurement Procedure

Another part of the ground truth electromagnetic signature data set was
that collected by the active K -band scatterometer! located at the top of
the Control Site observation tower. The scatterometer {(shown in Figures
21 and 22) was operated remotely from the trailer parked at the base of
the tower. Because of the adverse temperature and dust conditions that ex-
isted at the Control Site, care was taken to protect the scatterometer com-
ponents by enclosing the pan-and-tilt unit in a reflective blanket that
allowed freedom ot movement and by covering the transmitter and re-
ceiver boxes with reflective materials wherever possible. Air-condition-
ing was provided by blowing air from the thermal infrared control room
on the tower up into the protective blanket. Holes in the base of the trans-
mitter and receiver boxes allowed some of that air to be passed through to
their delicate components.

The scatterometer is controlled by a Hewlett Packard 8510B Network
Analyzer System. As configured for the YPG measurements, a signal cov-
ering the bandwidth of 2.0 to 2.5 GHz in 400 increments was sent to the
transmitter front end via semirigid coaxial cable where it was upconverted
to a sweep of 33.0 to 33.5 GHz. This results in a theoretical range resolu-
tion of 30 cm. The 400 frequency increments mean that the alias-free
range is 240 m, which was more than enough to cover the terrain being
measured. This scatterometer was configured to transmit horizontal and
vertical polarizations and to receive both polarizations. It is capable of
transmitting and receiving circular polarizations, but this feature has not
been tested.

External calibration measurements were facilitated by placing two dif-
ferent aluminum corner reflectors on camera tripods at a range of about

1 Zoli, M. (1990). “Design and construction of a Ka-band scatterometer,” Draft Report, U.S.
Army Ballistic Research Laboratory, Aberdeen Proving Ground, MD.
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Figure 21. The K -band scatterometer on Figure 22. Close-up view of the
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top of the observation tower scatterometer

22 m from the antennas. One reflector was a trihedral having a theoretical
radar cross section of 9.39 dBsm, while the other was a dihedral with a
theoretical cross section of 8.344 dBsm. The tripods were not covered.
The trihedral was tiited up toward the antennas and its position adjusted to
give the strongest received signal in the like-polarization channels. The
dihedral was manually positioned at an angle of 45 deg to give the strong-
est signal in the cross-polarization channels.

The spatial pattern of measurements conducted with the scatterometer
can best be visualized by referring to Figure 2. The trihedral and dihedral
corner reflectors were placed on tripods positioned to the left of the obe-
rservation tower. The trihedral can be seen at the lower left-hand corner
of Figure 2. Beginning with the transmitter polarization set to vertical,
the trihedral was illuminated, followed by the dihedral. A scan of the
desert pavement (out of view to the left in Figure 2) was then conducted
in 2-deg depression angle increments, beginning with 30 deg and ending
at 70 deg. Two-degree increments were chosen to provide overlapping data;
the antennas have circular radiation patterns with 4.1-deg beamwidths. The
antennas were then pointed at a terrain feature in the wash at the far right-
hand side of Figure 2, and a scan pattern was begun to the left that covered
an azimuth sweep of 80 deg in 2-deg increments and 11 scans from a start-
ing depression angle of 10 deg to a final angle of 30 deg. This scan pattern
covered all of the significant vegetation and wash bank features visible in
Figure 2. Following completion of the wash scan, three additional azimuth
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sweeps (at depression angles of 40, 50, and 60 deg) of the bare desert soil
in front of the observation tower were conducted. The antennas were then
pointed again at the trihedral, the transmitter polarization as changed to
horizontal, and the process repeated. Finally, the antennas were pointed at
the sky and measurements made to help quantify the noise floor. This
scan pattern is sketched in Figure 23.

| 80 degree azimuth sweep l
24 _

R SRR LR DRELCTD - 10 degree depression
(R, _____>_ ...................................................................
...................................................................... .‘_...

..-—-—-—>. ....................................................................
....................................................................... <___....»
...... -->-.........................‘..........-“--v-....-.---...............
...................................................................... <.._...,..
...... T T
...................................................................... 4—.....“
L T Ot ey O
..................................................................... . maa 30 degree depression

474
475
R R e R EEER R - - 40 degree depression
e : 50 degree depression
----------------------------------------------------------------------- 4— 60 degree depression
597
1 Trihedral desert pavement 70 degree depression
scan l—
3 \ 23
.............. B
O [—_ 30 degree depression

2

Dihedral

Notes: Numbers refer to the scan pattern step.
Arrows indicate the direction of antenna movement.

Figure 23. Scatterometer scan pattern

The entire measurement procedure was relatively slow as compared
with the response time of tactical radar systems. The primary reason for
this is because the network analyzer used to control the scatterometer is a
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scientific data collection device designed for accuracy and stability, but
not the speed of operation demanded by tactical systems. Each complete
measurement sequence took about 1 hr and 50 min.

Measurements of the wetted soils were also made so that later analyses
might reveal the effects of water on millimeter wave backscatter from
moist soils as compared with dry soils. Table 8 contains a listing of the
scatterometer data that was collected at YPG.

Table 8 5
Summary of Scatterometer Data Collected at YPG
Date Start Time, hr Description
9/13/90 0304 Full Contro! Site scan
9/14/90 0529 Full Control Site scan M
9/14/90 1818 Full Contro! Site scan :
9/14/90 2306 Full Control Site scan !
9/15/90 0420 Full Control Site scan (vertical fransmit oniy) ‘
9/15/90 0534 Full Contro! Site scan

9/15/90 1137 Full Control Site scan

9/15/90 1836 Full Control Site scan

9/17/90 1244 Full Controt Site scan :
9/18/90 1244 Wet gravel measurements

9/18/80 1314 Wet gravel measurements

9/18/90 1345 Wet gravel measurements

9/18/90 1417 Wet gravel measurements

9/18/90 1445 Wet grave! measurements

8/18/90 1545 Wet gravel measurements

9/19/90 1540 Wet silt measurements

9/19/90 1600 Wet silt measurements

9/19/30 1632 Wet silt measurements

3/19/30 1702 Wet silt measurements

9/19/90 1731 Wet silt measurements

9/20/80 0741 Wet silt measurements

9/20/90 1000 Wet silt measurements

9/20/90 1136 Wet silt measurements

9/20/90 1517 Wet silt measurements

9/20/90 1718 Wet silt measurements

9/20/90 1537 Wet gravel measurements (2nd time)

9/20/30 1555 Wet grave!l measurements (2nd time)

9/20/90 1605 Wet gravel measurements {2nd time)

9/20/90 1634 Wet graxgi measurements (2nd time)

9/20/90 1723 Wet gravel measurements (2nd time)
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Preliminary Data Analysis

Radar cross-section measurements

Some preliminary analyses have bcen conducted and are described in
the next few paragraphs. These studies were performed on the same
Hewlett Packard 9000 Series 300 computer that was used to control the
network analyzer during the field measurements.

The first analysis is one designed to produce a radar cross-section
(RCS) map of the Control Site study area. Such a map gives an indication
of where the strongest scattering centers are located within the field of
view. The maximum RCS value for each range resolution cell at a given
azimuth position was determined by systematically tabulating returns for
every measurement made during the measurement sequence. The simpli-
fied radar range equation was used to perform these calculations under the
assumption that all quantities are constant within the range resolution cell
being considered. Normalized radar cross-section calculations of the vege-
tation cover and rough terrain within the Control Site wash are impossible
because illuminated area cannot be determined. A flat earth assumption is
meaningless for this site.

A representative RCS map for a vertical transmit, vertical receive
scatterometer configuration is shown in Figure 24. Without much imagina-
tion, one c~n see the 40-, 50-, and 60-deg desert soil scans at the base of
the fan. Other strong returns appear to be associated with some of the veg-
etation and sharp terrain features that could cause enhanced backscatter.
While it is possible to refer to the photomosaic in Figure 2 as an aid in in-
terpreting the returns shown on the RCS map, a one-to-one correspon-
dence with terrain features is still not possible until the RCS data are
combined with a three-dimensional topographic map to ascertain what is
being illuminated by the scatterometer at each range and azimuth. The
strip to the left of the main fan in Figure 24 is the desert pavement scan
that is conducted first in each measurement sequence.

Normalized radar cross sections of desert pavement

A separate analysis was perforimed on the desert pavement data; 1.e,
those data collected at the beginning of each scan that cover depression an-
gles ranging from 30 to 70 deg. Because the terrain at this location is al-
most flat, it is possible to make some assumptions about illuminated area
and compuwe a normalized radar cross section, or backscatter coefficient,
often referred to in the literature as 6. Again, the simplified radar range equa-
tion was utilized with the assumption that all quantities were constants
within the half-power (or 3 dB) beamwidth. That beamwidth was used to
calculate an illuminated area. Table 9 contains a list of these calculations
for each depression angle of the scatterometer. Range is the slant range,
in meters, to the peak return from the terrain surface. RCS is in units of
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dBsm (dB above a square meter), area is in square meters, and the back-
scatter coefficient is in dB. An average coefficient was computed from
the nonlogarithmic values.

Table 9

Representative Backscatter Coefticient Calculations

Angle Range RCS Area ]
30.0 242 -7.8 0.600 5.6
320 21.8 9.8 0.551 7.2
340 21.2 6.2 0.549 -3.6
36.0 20.4 6.7 0.542 -4.0
38.0 204 112 0.557 -8.7
40.0 18.4 -12.3 0.515 9.4
42.0 18.2 1.8 0.525 9.1
44.0 17.3 9.3 0.515 -6.4
48.0 171 9.4 0.527 6.6
48.0 16.9 -18.2 0.541 -12.6
50.0 15.8 11,1 0.526 -8.3
52,0 15.9 -13.9 0.556 -11.3
54.0 15.4 142 0.562 117
56.0 14.8 114 0.569 9.0
58.0 14.6 -8.3 0.592 -6.1
60.0 142 9.2 0.612 74
62.0 13.7 117 0.626 9.7
64.0 13.7 -8.7 0.670 7.0
6.0 131 -14.0 0.693 124
68.0 134 -14.6 0.752 -13.3
70.0 12.9 -10.6 0.812 9.7
Average Backscatter Coefficient = -7.71 dB.

,
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Appendix A
Meteorological Data

The following pages list weather parameter data and other data useful
for evaluating the atmospheric boundary layer energy exchange phenome-
non at the Control Site near the Serve and Destroy Armor test area, Yuma
Proving Ground, AZ. These data were collected during a 2-week period in
September 1990. Tabulated data represent 15-min averages. Parameter
definitions are as follows:

TIME hhmm local standard time in 24-hr format

PRESS mbs  pressure in millibars

TEMP ¢ temperature in degrees Centigrade

RH % relative humidity in percent

WD/SP mph  wind speed in miles per hour

WD/DIR dir wind direction in degrees relative to true north
PRCP mm precipitation in millimeters (water equivalent)
VSBY km visibility in kilometers

PSP vert radiation flux in watts/m?, 0.3 to 3-pum sensitivity
pyranometer facing up

PSP invert radiation flux in watts/m2, 0.3- to 3-pm sensitivity
pyranometer facing down

PIR vert radiation flux in watts/m?, 3- to 50-pum sensitivity
pyrgeometer facing up

PIR invert radiation flux in watts/m2, 3- to 50-um sensitivity
pyrgeometer facing down

Tabulated data are foitowed by diurnal plots of several of the parameters.
Solar radiation plots are taken from the pyranometer data, while long-
wave radiation plots represent pyrgeometer measurements.

In addition to the data listed in this report, other information is available
from the data files stored at theCold Regions Research and Engineering
Laboratory, including daily weather observations taken by the U.S. Army
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Atmospheric Sciences Laboratory (ASL), Yuma meteorological team,
daily synoptic RAWINSONDE (balloon-borne instrument for measuring
air temperature, humidity, presure, and wind speed) upper air soundings
also provided by the ASL met team, and a climatological summary for the
Yuma Proving Grounds for the month of September.

Meteorological Instrumentation Specifications

Parameter instrument Sensor Type Range Accuracy

Station Pressure Sierra - Misco Aneroid Sensor 650 to 1,050 mbs +0.2 mbs

Pressure Model 1520 Multi Cell

Wind Speed and R. M. Young Speed - Tachometer 0-50 nvsec 2%

Wind Direction Director - Potentiometer 0-355 +2%

Temperature and Rotronic MP-100 PT 100 Q RTD -50t0 150 °C +0.35°C

Relative Humidity Capacitive Hygrometer 0to 100% +2%

Precipitation Belfort Instruments | Tipping bucket 0" to 100" +0.5%
Rain Gage

Solar Radiometer Epptey Precision Thermopile 0.3103 pum +1%
Pyranometer

Solar Radiometer Eppley Precision Thermopile 3to 50 um +3%
Pyrgeometer

A2

Appendix A Meteorological Data




L {3 «y 03y 909 far ] o7e (134 t Sty LR 1834
oLy (22 sy (11 25M o0 1334 $ €Iy #68e  SPCT
” (124 oLs (41) o5 0’0 (414 11 x4 2 111 oret
ity {124 (13 ] LIS ] D6 L] (% 14 L4 T°Zy $TeRE ST
ey (144 069 (1 1) o5 00 (124 £ A 2R AT 13 ocet
” " (1] oM (M) wr s $°0% 3TE8E  SplY
[$1] 134 o069 DS (] AT N 4 P-or 876BE OCIT
(13 ] Tt ki1] o o0 [4 2 o°Or WeRE SI2Y
05y e (73] o o0 " s s 00Tt
[14] (134 o o5 o0 52 §°» L8t 11434
(14 (18] e oW o0 (3L 1 (38 1] ortt
(18] $114 (44 ] b e (S 4 A 34 4 L34 $1t1
”ns e cos DsW c'o 15 IR 4 4 [ A oot
1y "0e ¢ O (28] 02 §°s (2814 $r01
%0 124 A 143 N 0] [ 222 34 4 LA 18 [+12-14
”"%e o« tey O 0'e "t ¢'s [ 3813 1314 ¢
s 1L 9 O [ [S 22NN A {2419 oo0T
”ns 1 23] rne o 00 Mz Ty [88 {3 Sreg
s 144 26S o 00 L1220 A J [ 20 £ 4 oceo
95 k31 £ 417 o s'0 (422NN 28 J L 219 ST60
”e L14] 10§ oM 0’0 ”wE s 1U€e 0080
1% L0y 1% o3 e o T §°S L 241 $44 14
”%s ot P24 OsH 0 It &% (313 oceo
1433 ior (123 oW 00 LA T2 ¢ 1 [ A¥43 $180
(117 Yoy Yoz oo L 1 11 M 4 § ¢ 0080
ONIBUIN = DS tENUWWIN (419 §1:14 061 o5 o0 ot €U0 [ 313 174
(147 tor "t OFW 00 [:1] 80 o°ot of Lo
(13 243 00 SOL o 0y 16 oSN (28] " [ ] R &8 14 (1844
€T L4t Q'1es (L] 4 13 £41] L 13 DEH o0 ®t 1o -3 24 ¢0Lo
T°6 L& BEP 0¥ ore cor 11 o8 G'e 0w o ooz sro0
o T '8 IC  L°ST toLeé ors <oy 4 1] oW (-3¢ ] sre T (38 14 ot o0
sosness [YTTYTT P .. Ssssessssisranssasrness (131 (1) [ [ o ¢ r (2] e s1%0
22 " o ¢ DM o0 ”n LK JNE T R 44 1 4 (28] [ 113 [} L OfM A ] [ 14 [ S 1 (%4 0090
. b 114 ° -] oFK (M ] 114 [0 £ I 1) 1134 (3] (113 [ Q oO5N 00 T €0 | M4 crco
£ 4 (33 ° 0 8K o0 14 LA S £ 2 N 19 (1114 $ES o [} [} oS o0 [ 14 00 TRt otso
(11 w6t 14 ° O6W o0 M 1T T s E1124 @S Qe Qq Q W ?'e st T 'L ¥ ¥R S180
[{3] (314 o [} DSH ¢ L LTS ok SN 4 2 o 3 gore [ 247 oor o o oS 00 [ 43 "y P°8C $°98¢ 0030
(11] "% [} 0 o ¢°0 40T 0 (T vt (1114 (147 o0y o e O8H o' 0 2T Z°BC 9°%B¢ S0
”"r 14¢ ] [ oM M) 6T 9T It pse 1424 18 (133 o 0 D5H (] L (341 ST 97966 OCNO
({1) (129 [\ o L] °'0 ¥t T 1T st 11314 ozs $6C ¢ 0 DSH a0 o e L°8L 9994  SI¥O
(114 (14 ] 0 o 970 [T 2 S { B A 13 [[:144 (347 L6t o 0 O5H L] ™ $°0 BT 9°%EE 0090
Los Gor 0 0 o0 0'0 €6 t'0 o0z §°9C 131481 1 444 set 0 0 o5H o0 13 9°¢ s y'986  SPCO
$05 "wr ] L oM [ ] 6T L't 6T &€ 1134 s A 149 [} [} O5H o0 € 11 0786 9°98%  OECO
80§ "or L] [ o 0’0 L% SN A SEY ) SN A 4 4 (3414 or$ k413 o [} osH 9'0 | £4 60 T°6T 9986 SICO
1343 $0» [ o oM 00 €T $°T 61 toLT 0012 Los TEC [} ° O5H 0°¢ cr e ?°6T ¥°'98¢ DOOCO
s L0y o [} o (2] €z o't or Lk 11174 134 L L1 ] 0 OFR o' e L AR §°6Z %8¢ €rl0
”s 208 o 1 oK o'0 T 2T 0L ILE 07IBE  ofOZ [ 14 (413 [} [ PSH 00 L4 2 86T %8¢ OfZ0
.14 o [ 1] B 0o L 1y ot 0°9%6 s10T 1144 rec [ 0 oM [N 133 (28 4 Toot 1214
p£41 &0y o ¢ osM (3] R 1°¢ oz 0°986  000% " 9% ° 0 o5H [ ] ST *°0 L°0g L2 4]
”e (444 L] ] o) 00 ot 1I'r 0N L34 L L B 1134 [31) (139 ° ° oW o0 3] i 3 8oL s*io
(133 (314 0 0 DSH 0°0 1T 3§ M 0°#96  0€61 sy ”"e Q 4 95 [ LIS S 4 e ot10
Tes {214 8 [} oSN o°0 T ¥y It 0'996  STST ose 129 9 [ o5u L0 11 T §°tc s1t0
1147 sy [ ] oSN Q0 T S T L70Y 0°986 (OO osy (14 ] [} o5W 0'0 "% o [ MG AS 1 L NNE 3 1)
095 1214 1 t o5 °°0 TIT 0" ST » 1P O°906 GIOT (14) T8¢ o o o5M 6o ar  e°t TIE 87986 €900
"s ”ne (23 [ 14 £ [ ] QT L°S BT T 0°9%¢  0f81 (394 et -] [ o (-0 ] EA1 -2 A 1 $°Z¢ 97986 0€00
95§ L £y £+ - ) [ 90 'S MY £°TP 0°9R6  GTNT (114 ({11 0 [ oM 00 e °§ L°CC 978 S100
198 (3¢ 1 1841 DSH 0°¢ £ET  L°T  *1 LTy Qtemé 008t D T L T TPy Y Ly Ty Y Ty P PP TP PR Y PP R P TP ¥ 1
134 oLy (341 0 o (0] €12 9°C kT 6°l» 0°9d6 oLt ITWAUT  IIWA AIMAUT T = = e uds ¢ > Tqm weyy
06 mne (411 "e e oo ez % PT TCCr 0°98¢6  ORLY ud uld asd asd i8%A NS WIC/am 95/aM K¥ DG SYTES DAL
0ss (134 (123 4 14 o (2] T 1P €T I'EP 0°986  RXLY L. H/8LIVA  NOIINEOWN
(13 iy L 134 tie o5 [ 0] T §°C €T goer 0°ses 004V
209 [34) 1134 1443 osH (M0} $0C  L°%F ET 9°CY 0°986  §I9Y 0661 439 01
oty 1t sot {4144 o (3] €61  9°C €T Lty 0'996 QT YUY TYINDHNOUIANG MNWIVS
[1¢) (141 (414 o8 ("] 6T #°€ €T Cogy vruss S5t VING TVOIDTICNOILIN

upurgy dasgy

A3

Appendix A Meteorological Data




{99 [ $4 4 [£4] oie osW 0'c Lot L [4¢ 'ty e8¢ 13121
i9r t444 }24] b1z ] o%H 0°0 (133 e'9 Tt S Ly TUage (121
(11} (4¢3 [34] 134 ] o5 0'0 (374 $°y "t Ly rress (143}
ny oLy ’”e o 0'0 [ 3¢ € Tt otct
" [ 18] i OsH 00 (et ”e (24 sietl
o [ 11) (113 DSM [13g"] L1z 'y (4] 0oty
9 (€3] (1) o [:28 t414 'y Tl 11249
(18] (11] (12 ] o 00 {444 o't T (1244
£y 069 o8 o5 -] 1 244 [ 2 Tt 11844
182 199 1 11 o 0°Q 1814 [ 2 (11 (1284
" € ”"e o8 o0 (€44 L's ct orty
142 "y e o [ 28] [4¢4 T, (44 (2244
(14 (34 $00 oo (32 j ) €4 "y (11 ooty
(14 E{19 it O (-] we o'y ”n <901
(23] s e DS 00 £114 [ 38 4 ” otot
109 1241 (11} Dad 0°0 (324 [ ] (31 S1017
(119 (214 %y oM ‘o ({44 [ (24 (1114
oS ”r [{¢] o8 o0 (%44 [ 38 4 £44 £re0
DUIGEIN = OFH 9NN {127 o (X 34 ORM 80 £124 [ 24 *T? ot 60
£4 29 [11] 1324 oM o0 (€24 (3 (24 £3114
1231424 0D L7143 "e L 119 108 omd 0 244 T°C ot (174
14 (5424 s £313 [ 24 osr o0 r%44 [ 3% 4 1 o9
(S A900 1 (34 2/ (141 ote ”"e oM 00 n 11 " oL00
oM [ 1%4 LS ”n [} 19 s (314 (324 oo 00 (13 e st (11 [}
$000es0000000 00000 008N sone . sens . 0% (314 ”"t o8 [ ] 80t e or ooR0
o 2 [ ] °'0 (314 44 4 ” ot L (14 e {144 osH [ M ] 1341 .t 144 040
[} e Do - [314 [ 4 114 20t 114 (244 [£3] O8H [- 2] (114 e i 30 098¢ [ €4}
[} o - [ M ] o8t 1 98 1 12 11 ner (13 et o5H 00 1124 $'t [ 44 00 0" 984 120
] 1] o -0 -) [ 114 1'% (3 (3811 [:13] oL 11 oSk -] 1334 L ” -6t 0°99¢ 00L0
0 o o0 o'0 (214 «© (14 &t (£34 " i oER [0 ] 0ot [ 1 (19 [ 38 113 £34 2
[} -] o e'e "ne »e (4 [-349 (114 t $ BN [ 28] 20€ (] 14 0" 98¢ 0red
'] ° oM o0 (134 »e T {114 o ¢ osH 0'0 Le €0 os BT 0790 si90
[} [} osH [ ] $ {14 Tt Lt (11 [} ] oK 0°0 (449 (8¢ ] (14 C°8C 090 Q00
[} [} oM 00 (111 (o } 1°ct (144 ] L4 8% (M [ 344 't " [ 8173 11214
0 0 L] 00 ott (3 ] L (314 ] [} O8N 00 rotc 0 44 [ T4 28 1119 (1344
[} o O [ 0] [ 144 "”e T o o o oSH 0'0 ”"e [ 4 or UL O°98E $150
] o oW 0’0 [%44 T [ 2413 50 o ] OSH 00 [ 14 (M) [ 14 LLE G 9%s Q080
] ] e o'e e | M [ 3¢ (114 -] [ O5W 0’0 (34 LM i€ [ A S 113 £314 44
] 1] o [ ] oot "L | 2414 o ] ] o5n [ 3 ” Ty [24 (T 0°9INE (4 1]
Q 0 o 9'0 (139 $°0T 09 (414 0 Q O8H (-] (11 [ 4 (19 8T O°9%s (314 )
Q [} o [} ] [ 34 J C ”r o ] 9N o0 (124 [ 3] it §°6 D°INS [ 111
[} [ o [ 2] o'y Le9€ (1 1] [} [ DEN o0 C ”t of L°§T 07906 £14 1]
[] [} oM (48] »ot s°Le (214 -] [ DM 90 of 70 A 2 6 0°98¢ 0o
c [} DK (M) tat [ 3 19 (314 ] ] DER 90 i 111 ¢o £t L7892 0°98¢ s1c0
[} 1] oM ¢‘0 1 L's 1 3 (9414 (344 0 o DB 20 £33 (48 4 111 1°6¢L 0°9%¢ ooto
< ) oMM o0 (114 v ] L0y (114 Q [} DSW - | L to (14 P4 07906 (14413
] ] O8H o0 414 o't I3 L1y (11 11 (734 ¢ ] O5H 0°0 o [ 2 4 143 20t 0°99¢ [ ¢44
" osH o0 (133 L '8 i (24 (14 19 ”"e g Q oSN 0°0 11 '€ (14 11 0°9¢& 120
12 DeK (0] [ 131 [ M4 » 1L (1129 ey ° [} o8K [ L} 11 24 I 0°%es 0020
£ 384 o8M ‘0 6% e [ [ 314 GOt ’”we o o O8N [N 149 [ 4 114 €00 0°9Ng srio
”" . [ M] 161 Ty s (8444 11744 (134 0 [} oM [ 0] (14 *"”e (14 141
(124 D8 ("] et e 14 [ 4 4 1944 (134 0 Q O8H [ ¢ [ 28 4 k13 SIt0
1134 - o'0 108 e s [ 3844 £ 3724 oy o ] O -] [14 [ 34 [19 0010
f 144 oM [ ¢ 1{.14 [ 34 ] L Ty Q0LY e o Q oM -] £t 't [ 14 SO0
[ 111 oo o'0 f 13 4 ”s 1 4 £ 99 (324 ] -] pecd 00 144 ¢ 10 %1 €00
Fx4] o8 0°0 et o'y 1 £ ot " ] [} DEN 00 143 £t [24 [ a8 {30 A8 13 100
173 o 00 E434 L s n SIT sane veessessanene “on soasers
e o8N a0 063 [ 181 ] o' 8ot IIGACT  AIGA JISAUT  LAeA [ 2 - 7P wdn L
[ 431 oM (M) st [ 341 s [H14 £1414 ik Vi 484 484 AG8A DY NIQ/aM d8/08 BV [ A9 SEMId  INEI
(44 ] o8N M-} »02 o 4 ] o 1114 ZM/SLINA  NOIINIOYY
Ly o5 [N nt T [ [ M 44 £Ist
60L D [0} £33 [ 28 S SN " L1134 osst das 1Y
(143 O [ M ({39 8ot 8 L°€Y [ 1149 VUV TYINTHNONIARE WAVAYS
| 123 O Q' (134 L '8 [ e 11424 WING TEDIDOIOUOILIN
utwrgydasTy

Appendix A Meteoralogical Data

A4



(3] e 5y s e ve 1114 oprl
09y (334 50 oW 00 -1 14 (3244
144 (144 9 (327 o5 o0 (111 $°¢ (1234
"’ e 0 (31 oS ("] ot "9 (3123
(41 ] (14 ”°s *"°e D5H -4 (133 32 ooet
oy i " osH e 0 £4 24 L 3 (3 241
(4] "r e A1} O 0°0 9"t €S oLex
”»s iy [¥3) ra oM 0’0 (124 ”r (2224
(31 in (13 (11) D (351 (13 tr oozt
o o (31 1) oK [ M) (221 & 11234
ofy "er (114 " o8 [ M) " 9°€ 1341
(14 ] 1434 ws ”ne o8N o 14 24 »”r sItt
0 1144 (38 o0e 5% 00 11 (3 o017
(1} e Les e o858 o6 ”l [ '3 ot
45 (1¢) (41] 0L osN 00 €l ”r otot
i {17 otr 415 L13] 5N o0 1111 " stot
({19 (144 t 114 [14] oM Q0 [343 [ 34 000t
DHISSIN = DEW IBNYYHIN Les ory on (14 osW Q0 [ 1] e $reo
£ e "’ Les ose o°c (4] [ 4 oL 60
wec [ JOL (2111 (414 T [ 147 e (38 ot Tt L1860
(3 476 T oed (244 1441 0y e O [ 3} [ ) 6060
$'TT 6% S°Iv r'ens ¥ s 1{-32 oSy o5 00 11 - ] £14
oS PET 90 §? PLC U oM 131 S0y b1 ke o0 ot o°s oc#o
T T Y Y PO P YT T YT TR sesossssnns asesesssesseney e s 300 [144 osw [} (1} (%81 <140
"e 20y ] [ L] (-3 (314 [ 120 00 { SN 44 oore €0s (119 (-1 14 O5H 00 14 e ooeg
(1] (119 ] Q o 90 [1¢4 L2 2 M- 4 R1284 t{ 14 L1 1344 5 oo L 13 [ 384 $0i0
1114 Lét ] ° b oo (444 137 (11 [1114 (2 1] (119 v O5H 00 $¢ 1S 0€io
1 1113 L] [ DEM 20 (14 "% 0 E1114 p 114 (13 (243 O5M o' or € 30
(43 108 ° o o (-3 %7 ”% L3k {4 [ .14 "e ot (13 OSH [} [ 14 ”e 000
1414 Sor [} o DEN L M f224 ” [ A< ¢ {1244 (114 e ot O5H ¢0 (24 et 0
Lild 100 9 [ o (-] ”e 111 riu ”r [ 133 [ 4 250 (-4 14 [ 3% 4 oL
(137 oy [} [+ ] o°C | {14 | 1 2 A {4 r’er "t [ 0 5K 0°0 st [ R4 £1%0
{ 114 (321 [} o oM 00 (444 6 o' $114 1< ] [} osH [N L1 S A 4 00%0
00§ [ 111 0 ] OSH 0e (344 LA A 43 T"e L 231 ° ° oW 1'M -] w10 i 1414
ros (114 [ 8 oM 00 ”ne [ A7 13 "y zee ] 0 oW 00 oot (7T 0£s0
(114 [} [} DK (M) (314 08 ”r oir 0 o o8H [0 ] £139 o' SI80
1o -] -] % L&) {134 1y *r ot v 1) o5 o0 0% L3 Y °0s0
(114 ] o DEN o0 (134 o "o $9¢C o -3 5K 0°e o [} S RO
T ° [} oo o0 01 L L3 (314 (119 ° ] D5 [ '] e 1t L ¥0
(314 Qe q s e 434 13 | 11] L ] [} osH 00 1119 & $Ir0
" o [] DEN [ 981 601 St o T ° [} 5K ¢'0 13 [ 28 o0r0
1844 [] [} o0 Q¢ e e85t (1] (114 0 [} DEN %0 ¢ [ $3 14}
"nm ° [ oM o'¢ [} SR AT S 1 4 (414 Te [ 0 DN [ "] ut 't offe
n o [ oo ¢ L L2 S ) 2 4 3 Ty s [ ° oM (28] LU S A 4 160
(24 [} ° o 00 €83 0°¢ 1€ e (124 L] ] oy o°'c ”"» »o [-11]
1w ] 0 O8N 00 WL &6 of [144 €9¢ [} [} oS o'¢ [T A 1 srto
[£4] st n° oRH 00 (134 s 8 (313 e Q Q o5 e e ot otee
(21 141 111 osH [ ] [11 S A% TN 14 ” S8t ° o O5H 00 05T 91 $teo
A4 113 &8 o5H 00 s PL 6 19 (119 0 [ 5N [ ] ] ”o 00Lo
oy 0t (124 osn %0 st €'y ot ({14 £9€ Q [} osH (2] TR S Al ¢ [1214.]
e "t A {24 MW o' E 31X 2NN 24 TN 1 e e ° ¢ o (3] e L1 - a1
(14 st {114 DN 40 6T s ot "e Tt [\ [} o5 0 (143 ez sT10
1144 otl 113 oK (3] 1133 ¢ (13 [ 734 e [} ] osW %0 (343 [ 384 [ 28 14 o010
344 1314 5t b (-] 2 LA 1 S 1 4 ospy ’"e ] [} oM o0 sof [ 281 roet P00
T £of ot ] 00 Wz 'y &t LY ”ne [ [} o84 (3] I3 L af 4 T ot otoo
i (139 ”%r OFN 0°¢ 00T ¢'¢ o7 ({14 i8¢ L} o v o' 0wt [ 4 vot $100
s 1113 (411 OFH 0°¢ s 6L 0 ssansavenceas DL Ty T Ry O Yy Ty
1144 (344 ”’%s L] 0o orz ¢'c ot ATGACY  IT@A  LIGAUT  JTMA -y - T qdw g > qm wmmy
b 24 13 14 128 o ¢'Q [A2 SN 3 I )4 wid uig asa 454 AGSA N4 NIG/OM 48/ N AL FBId DNIL
ay [ {14 (34 ] e [ '] oLy s T L. W/83Ien  NOLIIVIOVY
(43 ”"s ({2] oW 00 LI5 2 SF TN { 4
e (111 | 118 o8 00 183 (-2 J £ 4 Q6s1 4&as 21
[24] Les (172 o8 o‘e ) { ) S S T 4 4 YTUY THINDINOUIART HIVAVS
"we [:144 £08 oW o0 E AL S AL T 1 4 WIVA TWOIDQTONORLIW

ujurgy daszy

A5

Appendix A Msteorological Data



"we (134 80§ wy £°s9 00 91 Tt [ 14 oosY
ey 208 0y 59 0'¢ el I'9 2 1331
(34 995 R4 £3 t»s [ 24 0 (38 114 oLt
08y WL %er 60 esz s sl st
[17] sy 00 06 €l €8I oret
[11] s 00 0°0 €St #°C OC (3141
[12] 58 0°0  o'C  esT  sC oot
73] a@e 00 o0 #sy ¥l oI pret
23] €8 00 00  ¥ST  ¥T 9 ’ st
%8 070 00 LIz *Y (€ ’ oott
98 0" 00 osT  &°r 6t LT TR 244
zee 0°0 00  S§T  €°C  QF ST 97986 O(XY
zeL o0 00 T ¢ M
1173 60 60 esT  0°¢ [N 1]
ot 00 o'0 151 e » e
948 070 00 vl 62 s e
e 00 0D TT LY
€% 00 00 £IT &Y
1Y 00 00 00T &8
(11 60 00 90T 89
(137 0'¢ 00 48 I8
Y 00 00 6 &'
¢y 00 00 €6 (L
wree 00 et 0'a 00 §6 ¢
1313 0’0 00 06 9§
"t we 00 00 6 9L
o [12 3 e  0'¢ 0°0 [ TS N
. . e toesn . Tt 00 o0¢ ¥ 0%
T8¢ ° [} e 00 e e oore [ [ 3O N [
[ [} (33120 3} "I o'y svie 3 0’0 00 e el
(L 0 [ °0F D' 9T 5’9 1114 [ 4 ’ o0 00 U ”y
(114 (] [ °1r 00wt TP [3{13 [ 0 ¢'o  0°0 [T
“ 0 [ 6 0'0 o Lt ooee (] ° ¢0  0'0 (L N}
a0 ° #°¢C 00 ozz U9 ez [ ° o0 00 [T 1
st 0 ] T 00 Mz ' (1311 ° [ 00 00 ¥ 4L
[ [] ° ”U 000 e Ly sxee o ° 00 00 ty ©O°%
e [ 0 LA L SO T T A (1113 [] [ 60 00 s 1553
[ [ 0 L9 0'C 66T 'Y (1314 [ 0 ¢co 0@ s 8y
sec [ [ $°8 00 60T 6 (1334 ° [ 60 00 ¢ (33
L8t ° [ s 00 6T UL (3314 [ ° 60 00 e (L
11 N | 0 et 0°0 [} S ] 001z (] (] o0 ©°9 w0y
19 0 [} '8 0°0  ts1 8L 02 [] (] 0°0 0 o [ )
0 [} [SFT I A B T3 S o [1{} 0 [ 00 0'¢ et e
(] (] $°56 00 M1 9L 3014 (] 0 0°0 06 et €L
[] [ %6 0°0 o6t L'L voor (] [ 0’0 00 sz TC
[ 0 T8¢ 0°0 16T €9 (11} (] [ 0’0 00 &I &3
[ 0 L9 0'0 161 §°9 oeét [ [ 00 00 I LY
[} a TUE 00 a8t U0 (3734 [ 0 g 00 I 00
o [} £t 00 (81 L 0ast [ (] 00 00 (82 &%
[} 0 9795 0°0 %l 99 st [ (4 00 90 fof (0
[ 11 08 0°0 98T 0°¢L (13 [ [ 00 00 gor &%
" (13 $°86 0°0 St 0°Y s181 0 [ 00 00 ore 1
” 1) i 00 et L'P oost 0 [ 00 0'0 tor @'Y
TET PET 00 00 LT #°Y st 3 [ 0’0 00 e c¢
(AT 11 A ST 2 BT ) R o | ot 0 0 (30 TR -1 T £ S A4 ]
0T Iz 66t 0°0  wut 'y (174 et 0 ° 00 0°0 e et
T 6L S0 00 est L' 0oLt tessssesssusnhcsestrrentes rese . sencsssreevince
1214 [ o'es 070 ote U9 [32)¢ IISAUT  IT@A  TISAUT I = = o ydm > e Wy
oLE Wy I 0°0  6Lr 9Nt oest ¥Id  WId 494 dSd& IeSA LU NIG/0A 4S/Cn BN HEI  $SRNd DAY
9TE  ¥EY 970 0°0 (6T 0L st T.H/BIIWN  ROTINIAVY
NEC  LEY 65 0°0 I &9 oost
WY 6 BTS00 (o t® S8 06T 838 €1
LY §96 819 0'0  sor €6 oest VUV TVINDHNOUIANE WHWAVS
0sP  tZy TP 0'0  sET 1°9 S5 VIVG TVOIDOTOYORLIH
unrgy desgy

Appendix A Meteorological Data

A6




1] e (314 T3 270y 00 T (38 7 TR 114
114} (134 1247 [37] s 070 " (113
1] (114 ”"©9 (30 o' G0 113 (1431
159 1314 [13] (333 (31 - " [113¢
§Ss (144 s (114 ey 0 113 [-[+131
13 ] E11] ”"e os A5 2 X s’y sLt
n» E4 1] L9 11 {08 0°0 1t oy 141
" ocy (31 tre €08 00 iy I s11
”e ({4 [42] s Lty 00 s U o021
(28] hidd [11] 128 ey 00 [2F 1 [124]
”? i [ 12 ] 418 ¢o §°$ \3] oLt
£<3 2 (124 2y $08 oo rc cy {1431
(23] (114 10y oeL o0 e 144 DR
£03 1103 R 18] ”i "M ] "y $90T
[14] {4144 (139 "’y 070 &t ts 1314
$8S 1144 [ 132 [11] 00 [ 31 6986 st0t
(3] 1144 oy ”y [N ] [ 34 2 11 7956 00Ot
11 114 39 309 00 »r s 6988 S¥E0
$95 k{34 cor € [ 3} £ 09 %06 0C60
”nLne L) (331 "y soy Loy [ 3] L M S 11 €998 G160
[T 4 s 1wy (141 i [} [ 30 S 14 €°988 0060
4°TT Lt i L% Lo 444 (14 (M) e 03 $°396  $80
S8T  #°S 08 Ol (€41 @y (4 14 p119 LMY T 0 L3012 S < 1)
oo . . {143 (144 1114 o 0°0 e 986 £I80
[ [} 90 BOT  1°T s eer °s kS 1) [ £14 (113 00 970 LY 6°38¢ 0000
[} o o0 ”wr ¢ I§ e (14 s T (114 [-3"] ¢ W &£°90¢  C¥L0
o ° o0 T 06 08 6L " (144 I €1 00 e 113 6988 OLLO
[} L (] LLY €7 6 476 906 gLl ([ 1] (141 w (1) ¢'0 [ A8 Y ¥ % £°986  STLO
° [ 00 1 93 e o'o¢ (1214 1) zor " ® 00 [ Y} #7986 00L0
[] ] 00 06t 9°8 05  0°0C et (214 (14 ¢ [ 3] $6 € 67306 P90
[} q 0°0 [ 38 T 1 T g - 3 (124 (74 [} [14 09 t e €996 0090
] [} 80 [0 B ) B o 4 s12z (11 Q [} (04 "t (3] 47906 190
o [} [ 3] 0"Ll 9 sot (114 (414 [} [} 00 s £°986 Q0%
[ [} (X ] 26 CF 60t 131214 ”r [ 0 [ ] [ 2] $060
[ ] ['] [SL S | I 38 14 (1412 (113 108 o o 00 [ ARSI 3 | otso
[ [} 00 L2 3 JIT B 44 ) syt 1 (113 [ ° 00 ”t s $150
[ ° [N ] [ SRS 2N { TN A4 {1 (1114 oLy (113 0 [ 90 [ 3L ] cos0
0 ] 00 [ M3 Lo (1114 (1] £0e ° ° 00 T € (111
[ o 00 *e L4 18 [ 1414 "we e [} Q 98 Py Ly 2224}
[ [} (] §é P49 sTOT (744 w0r ] [} (M) [ 2a ] ” $190
0 9 270 €6 [ 4413 000L €L oor 9 o [ 'y 9 000
[} ° 00 801 S (Uf€ (1111 (11] (444 [ 0 0°0 [ 35 2N 4 ] [114]
9 ] o‘c $°0T EF  I°0C 6986  QesY Ly st [ [ 0‘a L 0 4 ) otte
o o 00 60 S0 BYE 6UeeE SIET [ 14 ] (114 [ ] o‘c o‘s w [4¢<]
o [] [ ] 'y It S°St ¢'986  ooél ” (113 [ [ [ 3] sy Uy oofo
t [} L] 1'e € L°6C $°906 5967 oL ot o 0 o0 (24 4 4] [12<
L3 st °°0 ST Ly T 0Ot §9%6  Deel (78 101 0 0 0'0 [ 20 2 otze
143 $s (8] 122 o' 1 £t stesE  GINT " (1.3 [ [ 00 TEf§ [134]
i iLe (] 0z ¢'8 Of b8 14 0081 o e [} o [ ] Ty o0Z0
[ 1] 112 "0 ¥z e 0¢ [Ad 14 ({131 (114 8t [ [} [N (3% 2. 21 srio
m 10t 0°0 L2523 S ¢ Y 3 1 2 ofLt ”wr E4 19 o [] ] £T°E s &”n 14 ¢]
L3 R34 0°0 e 'y 0T [ 2813 (1734 oLy tee [} L 00 tr o? ¢ 98¢ StTO
oz 1414 (] [22 2 A T { S M 1 3 0oLt [} o (2] [ 30 B 14 €986 0010
(114 113 00 SEZ s OC  2LE 11214 [ [ [ ] 0 (S 696 §200
1114 (113 00 L0 ¥t O §°lE orst ° 0 oo (-2 - TN 11 6395 ofo0
(111 3ty (443 (12 ] [ 3] [LIGEEE 34 B SR A $19T 9 [} [} [2F 2N 11 47986 S100
114 ] s 9L 1114 00 [ JA SN R 2 ¢ 2 344 5 [ 111 S¥sesasvesss L Y Y P Y T Y Y Y TP YT Y ¥ T
[4¢) (}¢) 200? os 0'0 1 o'e W s°ut {1241 AAAUY  JIMA  JTGAUY  JTeA - 1P ws 4 >
Ly (24 TEr ”ns L8 0°0 ot oL 6 e oestT Vid yié 49 484 AQgA O¥4 NIC/QN 48/Ch N NGI BSDId  ENIL
we (24 {114 h{$] T'éC  0°¢ [ { LI B B S A € 3 S8t TH/S3INN  HOTIVIOWE
oty [{1] $0S Ty T 0°0 €t L'y 6 Ll 00RT
(14 ] e (337 s0L "ty 0'0 L6 T°s ST rte (1141 0563 438 Y
(14 ] ({44 1129 (113 LT 08°0 1M 89 W L°9t oert YUV TVINZRNOYIARE WaVaYe
i e e (312 T 070 L{ L A SEE { SN M 13 ctrt ¥ING TOIDIONOALIN
uwrgy dospy

A7

Appendix A Meteorological Data



114 (314 e 1"e [ 14 [:28+] 001 y
to¢ 1311 00 '] s
91 f 114 [} 18 e
j{:14 [ 134 [0} oot ”e
" ({24 0°0 ot €t
cot 1ot 00 143 s
o1 (244 [} * ‘s
(4 ¢4 at [ $03 L]
(444 (114 [N 907 "
(€44 [ 143 (28] (41 4°0T
(314 %€ ¢'0 101 L
ot £0¥ [ [ 123 -t
R 134 19¢ 2°0 801 [ ]
{114 1414 -] ({41 [ 8 $4
t$14 (314 [ 3] 0 (&
ore o ¢'0 ot T°¢
ne [R49 o'C (1} ”e
L 114 (114 0 [{'1} [ 38 4
ne 1 514 -] [13 6
p 144114 [N JAaL (414 " o'¢ I3 1 3n 21
»"e 2°9T 9 ree am ror [ 324 [- M) [ 13 LTt
1 66 0°9C 0 Le¢ by ] o mws 3] (131 2L
Wt s I ”ne ”"r 00 [£) 3
.- . (3] L [ ] 117 1 A1 4
£ 114 [} ¢'e £ 137 s [ F3 (.M} 16 1°s
(114 o [ M"] » (39 St " [N [ 13 (34
94€ ] 00 ] [ 11 ”"w 11] (-3 (3] Ty
(114 0 9°0 3 is {1444 113 n [ M] (43 49
Let [ 0’0 M ” oote 111 (34 00 113 $t
[ 114 e [ M ] s [ 19 §1724 114 it 20 (13 s
Tor ° [} [ (3 1344 ] 1 [0 4] ({8 "9
[ 149 ] [ M2 1 [47 [ 3244 [} 1] [ ] [$) [ 44 1
[ 141 0 90 'y »” [[[:1.14 ] [} [ M] () 'y
00 4 9°'C 1 11 (1284 ) [ 0 0 (744 [ 34 4
1wor ° [ M 'y 1s [ 13¢4 o e [N} 1111 "t
1344 [ 09 (31 [32¢4 ] ] [ 3¢ (144 "
”ny ] (.34} i « [ 14 [-1) £ [ ] [ T -3 4
st -] -2} 6 ot (1] (1114 ] 0 [-32- £ $ 38 1
e [} 0’0 to1 o8 14 1114 [ ] 20 9% L9
e 3 90 £ 1) 4 [ 34 1 ” 131:24 e [} a0 T Ls
200 o Q0 ot $°r ir 0482 14 [ o0 oe Lt
90¢ o ¢0 ({31 [ 3 4 ” (3241 [} 0 o0 [ 12 $ 1T
{4144 [] o°0 FAa4 t°s » ofet [} 0 - M) «© L1t
oy 0 oo (12 ¢ s 114 ST8Y 0 [} o0 € [ M 1
(34 ] 0°0 " [ M1 £ 44 [ 131 [ ] 00 113 (3011
(114 ] °'0 ki34 a4 ] £14 srer o ¢ M i 1) ot
(444 [93 9°0 " ””e 3] (13 3 ) ] 60 [1] e°ct
1y [ 14 (3¢ ] £144 Ty {44 sy ] 0 [N is [ b1
(114 (4] -3 ] (.73 ¢ M [ 1) QoY o 0 0’0 (3] €'
"y [ 1] 00 it ¢t {44 st ] ¢ 0’0 4 £ 38 ]
ozy i o0 ot s [ oLt ] [} 00 e ”e
(414 LY 00 [£11 (5 ] 14 [ 3784 ] ] o0 (114 st
1t " [} ™t ¢S (14 roLt 1] [+ [} (424 [ M §
Lor {124 [ M} » L M [ 11 14224 ] [ 00 fee ”t
”nr (%14 a'o ”1 [ 1 [:14 (1414 [ Q 0'0 e [ ]
"y (114 [ M} 1 £41 ' 1 ¢4 TLE 9°9%9¢ {1314 Ly 34 ] 8 [N} 1€ L 2 4
{124 €Ly 00 (811 1 (1] 0t ¢4 0091 wsesens
t444 s 90 (25 DN A% N 1 BN A { SN Bk 1 T IR 4 144 JIWAUT  AIMA TIBMUT WA P s 3 2 -y
(144 [314 [-M-] (831 »e " € IE L'ed otst uid uid d€d 454 AS8A dON4  NIO/OM df/On W il eshid DO
sor 1114 00 (£33 [ 38 4 (14 L AR { g T 11 11114 TH/BLI¥A  NOTIVIOWY
(342 Let [ 3] 9”7 €t I Z°IC 0TI oost
(1314 (314 [ M) 1541 [ 3¢ ] 8 O°TIC 9-9a¢ (1441 068X day £t
A4 (424 M) £444 [ 3a ] 137 L°0€ 8-38¢ (1424 NTUY TVINDINONIANT KWNOVY
114 "t ¢°0 [£4] [ 343 {43 1°TE 998 1 3{24 WING TYOIIONOALIN
uprgy dasgy

Appendix A Meteorological Data

A8




<
(344 T1e Loec e [ 9
[T { 211 [ 3]
(144 ”n L°EC o0 [ 2044
ey ses v oo §°9
e $°% 0o sy
ST S ] §6c 00 L
"7 6% 00 [ 33
. s9e st 0o L3
[ {1} 3T 3 [}
[A L 111 S5t 00 s
124 211 i oo 1€
oty 2y AL €y
F3 (I ) vy oo [
s oS [ TN (30
|11 2 1 1 e eo Tty
wr L 1sE 09 (34
00 vy €t oo [}
[ 1S {1 5t 00 [X)
[T 1 i3t oo s
rosLLs (X1 oy C et 6°LL o0 LR
St CIE t'Iss ADW [T I 17 £6C 00 I3
0L €L T'9e6 XM Tec et ovr 00 0
€ e e §F 2°0C Tioet  oax [ 1 S5t 070 s
. . . s o2 v 00 [ 3]
[ [ 0°0 2L L6 SE TAZ I'teé o0 [T S 131 (313 '] [
] 0 o6 61T &9 [T 114 we st [ ¥ €y
] Q 0°0 61t L orez s ot [N (3]
[] ] 30 TR 1+ S 'S stee [ 7L 1 v 0°0 §°s
] [] 0 I ey 1133 [ TN e 000 [
[ [ 0t0 ez 1t syez "t o3c st 00 s
[ ° [ I A orez e o 3 st o0 $°9
] 0 90 ne stez we o ] $°st 00 €
[ 0 3O 114 ooez oe o ° [ X [}
0 [ 00 ol sz €@we 0 [ e 0%0 1€
[ [ 00 st 1344 ne o 9 6°2c 00 ce
° ° [ X T} (1314 ne o 1 £t 00 6t
° ¢ 0°0  est ootz we o ] 0t o0 [ X
° o [ IYS ¢ $902 [T ] [ vse oo [}
0 ° 80 et ator e o [ 1’9t 00 e
[ [ 00wt stoz we o [ " oo (3]
¢ 0 [ 30 T 73 ¢ (111 ut v ° 5t 00 Lo
¢ 0 [ 30 2 3 4 0 ut o ° e oo (384
[] [ 0'0  MT %6 T 0°NE 6 oLl e © 0 e e [
] ] [ )] I K€ 0L LUIes  gle [2 1N 13 £8E 00 (43
[ 0 [ SO 3 ¢ [11 96 odeY st 0 [ T 00 oy
[ 0 [ 3014 ® €-Tas  sret e o o v 00 8¢
t " 00 sot ” 6208 ofeT [3 3 [ € 00 €S
tr or 00 wor 33 [ M {1 14 [ (] [] L 00 I
[ os 00 oy " LTes oot e 0 [ §°5C 00 €s
wr el 00 YOI ot [ 173 [ ] ree oo rs
(13 N 11 0°0  l6% €1 GUel Ltred ofet ° © e 00 te
[TION 14 00 263 0 LT ptiC wCIEE STLT [ [ e oo [ 34
(1120 11 4 0°0 6T  FOT 4T §ULE 606 o0ct [ ° e oo (3]
©we  ose 070 S61  L°XT #1 B0 YERE gesy 0 [] s°gc o' 143
s sor 0°0  BBZ  §'0T LT §°UC TC#6  OfST [ ° € 00 [
e e 00  ETC  EL ST §TUE EUCE6 SO0t 0 0 e oo Y
¢ 86 0°0  POT 0" LT €'LE PCE 0091 . wessserasnsons csreene [+ ]
[ 3¢ (17 [} "t ‘6 BT ULt S°Ce6 St JreAUT  JeA W W ap ude w
[ T [ 3 T 11 3 (T 0°it L'fE DIft 458  dSé  AUEA 4O¥4 ¥IA/0A 45/0M 0
wr o 0°0  PIZ  EUOT T #°LE 0°C06 SIST TH/SLIYA  ROIIVIQWW -
PIC 69 80 IZE £°§ LT Q°LE (96  0OST 4
ws st 9°0  BOL £t IT ICE LTINS ¢t 0661 425 91 =
|13 I 1) 00 60T YL M ST C°NaE oMt VEAY TYINIMRONIANZ WWVCYS nOu
e el S0 99T et ST ITIE SNeE SN YI¥G TVOIDOTOWOAIIN 3
— 13
uturgy desgy S
&
[+ ]
=2
<«
X
°©
8
a
<



"~
vw
I~

TNBOOOBO00OENC0BO0000RD000

PSR-
QR2ARRERS
R R R

sawronen
LERE R XD
R R

r24]

6006085 06500060000GB060BOBA060E00CG66046060
e

-

MDD 0CODOOCODO000DODOVOOO
.

I I ]
e e e ]

NG MO NN YT NN TR NANTATNAANSERMPNYIOen

0000000 PDVOODOOO0DYINOONOO0OO0ATOCVDOOGDOO

MO N A NC AP ROENARATOINNTROrRIONTIARROENES DR

1 tes nin

(3811}

L4988 (1214
9988 oLt
984 (1344
£'608 (1214
L M 1 syor
26846 L1414
586 §102
(44114 000Z
R3] TS {731
r°ses otst
T e84 SI6T
L 341 {1 008t
£°686 {3141
Y506 ogat
596 SIMl
119 008t
41°606 [ 1734
[ 113 osLt
[ %113 STLT
3° 996 0oLt
Eat ] st
2 986 o5t
£ 908 (1741
158 113 Qost
[ 58 1 TN 114
$99¢ 13144
988  SIET
L9868 006T
o Leé st
TeLes 1424
cLos SIFT

.
uturgy dos/y

sty (414 113 (-1 (144 6°r (X3 oo
(344 (13 ] o0 1t ot 9t (1144
134] 1114 00 " Tt [13 otet
(447 L o°0 87 c'y oy (114}

1114 0°0 (113 L9 " [ 141
(414 00 st {5 ) 144 (1244
(144 (0] {141 L 114 otzt
ofL o' (114 (A 1 4 stet
[13] (0] (123 (31 (44 oozt
1344 a'q ot €0 [24 (124
"y o' KT 0'¢ LY L1881
(312 (] te ”r o8 [ 1341
0t 0°0 vot 1 114 (1’24
(143 o‘g (141 1y €5 (11:14
1121 (] [ 12 SN S S 11 ocot
(< 14 L] [ 11O A S s101
we [ ] (12 e s 0001
(124 [ W 0% 8§ e
51 L] & e 5 13 3
134 (2 e (28} ” £1413
1114 (.24 (141 1€ [$) 006
o 00 [3) e (43 m
st 8°0 ”" [ 40 SN 11 (2]
(1] 00 [31 |2 SR 43 £1e
i 00 st 0°0 4L 008
oy (-] st ‘e i 1113
ott o'o (249 9"t [ 13 ot
9 2'0 o4 o0 8¢ 1L
[24 o0 *”l [ LT} o0L
E14 (-0 s ¢°c 09 (12
£ 0 (2] £01 €0 s oLy
[} [} [ ] 1Tt Lo o8 (3¢
o [] 0’0 oo¢ L5 1 os ooy
0 [} [ 4 1114 [ 384 L 1147
0 [ [} 1 {14 3% 4 (13 s
o [ 90 ({14 L M ¢ [ 13 £1%9
[ ° 0 [{ 14 [ 224 [¥3 0os
[} L] (-] (414 (44 ¢ 1 13 1144
[} [} () (314 't St oy
0 0 070 we  e'v L (244
[ 0 9’0 foc LA I 11 oo
0 Q a0 L {{ SIS Sl SN 74 ore
[} 0 L] f419 [ 3 2. 13 (141
0 [} (- o $°1 €l £ 114
[] [} [ 33 SHNNY 4 S <3 oot
[} [} (-] Tt L A% S 73 k124
[ [} e (139 L M . 73 oL
[ 0 °'0 [Z3 SN 2 S 73 (¢4
[ [} 20 Wwr o'y € oot
] [} 0°0 st (2 9 ™" (121
L] [} 0°0 L1 TN o NS -1 ot
° 0 20 0t 9w (331
[\ [} 0°p sot [ 24 ” oot
-] ] oo 0ot T [1] 14
[} [4 (M ] 7ne s (13 ot
oy 90 ° 0 (M) (2420 05 S 1 $1
P E0E8488382402000000008
IAGAUY  TXSA  JIWAUT JIGA - awp yds > am Wy

wida uid e a8 JeEA N4 JIA/0M d8/Gn N DT SSTG EWIT
L N/BLINM  NOLIVIQVE

o6t dew
VIUY TYINZHNOWIANE W¥VOVS
MIVG TVOIDOTOVORLIN

Appendix A Meteorological Data

A10



(47 ) e 131 e oo Lhx4 Tt 11 (54 1 S S 11 % gort
(24 ] 09%¢ .9 £144 o0 tat4 s (a3 8'(f &'d86 (1144
[¥4] [ 144 %99 ”"e 00 oot T8 Tt P°EC 1748¢ otet
1e9 t414 Ty (11} 0’0 [} LN 4 [ 14 6"l réss STEL
01y 88C QL [ ] $81 6 (21 8L T84 (1184
(141 ste oy 00 [$14 19 (49 el €686 (1441
et 11 2] 60 (1)1 1’s st 'l L6686 oftt
e [11] 540 90 ore e 121 E3£44
"e s 660 0 0 [ 24 L9 ” [ el
(734 (1] 98 ¢'e [ 134 L 28] " [1 231
(434 (1] 141] 00 (344 Qs (2% (1944
95¢€ 299 (14 00 991 §°0 cr (2881
oet (3% L0 0°0 1414 [ 38 [ 41 oot
" "ws [ 113 0'0 (114 Ty €1 (1124
UL (149 100 (M) [1%4 e ct 0f01
(111 Lsr 14¢] 0'0 ot o (94 (3114
1419 (414 109 0'0 (314 re t 44 0001
(149 (X 14 (44 ] o0 ’”"ne [ A8 2 (41 £413
e rei €6S [ M} 1114 [ M) [ 44 14}
sLTOC [ 2] £414 168 A1 31 o0 t324 1 j 28 (423
1 ] Tz 9Tges Lse (114 (11} M} 1114 o 8t cos
9°71 0O 0°5C ST ebs (214 (141 (244 0 (114 0 1 {12
[ 14 €T [ MY [14 IS4 [N AXY 11 1 119 e 90€ (M3 114 [N 4 124 .14 ]
essesssssnsrrens srae ssnscssrnnes 6Ly PSE otz (314 e°e st [ 144 (24
1144 rte 1] 0 0°0 rz " I $986 [ 112 1149 ag 911 o'e ot t'o ” 000
£33 4 1 144 0 M) 02'0 (3¢ 4 ” [T S°9Bé (141 k114 (149 3121 [ 2] $t [ M) 3 (173
(33 £444 Q L] 8] T ” vt §9ué 1424 ose L 123 (191 14214 [ M} 14 't 113 ofiL
[14] [-144 ] '] 070 4 (14 rL SNE stee 1423 e 114 erY o0 [14 10 (43 §1L
f£3 4 sz -] 0 00 00 1 14 60 9°904 once [ 134 (143 o (X4 [ 381 1z o't 113 [-['13
f14} 1114 '] ] 0°¢ Tt (24 Q6T L eaé (1244 (23 stC £33 [$1 °°9 "t L 94 4 st sr?
"y (114 ] )] 0’0 L°F e P°ET 8986 ofeL 1y [ 124 [} T [0} [ 14 [ 244 €€ oty
iy ’”e ] ] a'c o't 1 ¢4 T°9C w9 (31241 Tz cee [1] ] 00 [11 61 [44 (2%
144 £44 4 [\ e 0’0 °t ['14 9T 9°90¢ 11144 [21] L 114 [} (] [ M) it 00 141 Q0%
”y 314 13 o -0 ] T 34 14T 8'90¢ (1244 (24} {11 [ ] [/} o0 or 16 143 {427
1344 ”°e 4] ] o°o i3 4 £ 14 T 0 ofIL ”ne [ 123 1] 0 o0 os [ ] ot 1151
15 {451 0 o 9'0 (281 FA 4 (3821 1242 Tec -] ] 8°0 iy e'e [ 14 sis
[ 14 (244 9 ° [2%°] o0 ” oett mwr h1 41 [ Q £ 0 [£] [ 2 4 ”" 00%
112 [ 144 -] -] o' et st oz [ 14 1 144 [ ] g0 [ 13 [ 33 114 1144
o8 f144 ] (2 00 L0 ”"t ofot [¢2 ”"e ¢ 0 0'0 £y | 2 4 1 X4 134
" "t ] 0 o0 {34 4 [ 23 §50Z (144 (414 ] 1] Qo 114 Q°0 (24 (344
”°y ore Q ] o‘0 1o gt ogol [ 144 1419 [} ] 0°e [£4 0°1 114 Qor
1 1474 o [ oo £°0 £49 L6T 0306 (111 e 1314 [} ] 0o (244 [ 28 ¢ ot £144
iy (411 & 0 0°0 fAs 4 11 $°0€ 8908 oget osr £419 ] ] a0 (4124 1 1 {44
”ny ore -3 0 [ 2813 [ 4 ot 60 §°%06 (4231 1412 [ TX4 o [ o°¢ ”e -2 4 (33 £114
(22l (473 -3 /] 00 A 4 ot [ A S SR A4 11 [ 124 1314 [ 321 /] o e'0 (144 [ 34 4 (14 (1] 4
h{}] L 114 ] e 9 0 L 2 4 [ 0TLE TULNE 14434 {312 f9¢ o ] 00 e «° [ )4 1114
o%e (444 Q [3 0°¢ % . | M {9 4yd 17 (1131 £ b 139 1 e [} ”e e (21 TUT v e0s ot
s (114 ras {14 0°Q [ ) I3 | 5 1 S AFA 1 (11} i1 ”"’e 0 ] (M) 1124 £t et Lt §°98s $1T
[ '] 0 W e 00 (- 3 '3 gt S°Lhé 0081 i) [ 444 0 o 00 {124 M 4 " Ll SURE 1.1 4
tee (414 tav (141 [:M] ”i 9 T°vl §ia¢ (1784 16y e 13 [ (4 ) Fi44 T'r "t LT 99N st
£ 144 ”"e 151 fot [ 3] 0's 1 ] 1444 (11] oLe ¢ o 0°0 (154 | 23 (14 (T 9T otk
ws 1211 i i8 14 o0 Y Lt §¥LT (214 eLe [} ] 00 (124 £y I¢ $LT 9T 9Ré £33 1
14 "we 1{14 sof o0 [ ¥4 " 0oLt (114 t1 13 [ ] 20 £ 114 e (14 Tt 979E¢ oot
£429 (444 [{14 e 0°0 £ ¢ (31344 e (3% -3 ] [N} LT [ 5 4 s Lt s (14
F341 9e 10¢ (134 [ M} [ ] i (1424 iy T ] ] 870 [-1h¢ f AF 4 113 Ll S eRé ot
us 1313 (144 £3 [-M"] €T ¢ st (114 1739 0 [ ¢'o 21 [ ] % T°82 S 944 143
(113 [ 114 (114 $1s 20 t's ] (1) 28 Ssvsssmsrsssenrse .
[ 17 st (114 (113 a0 [ M3 4 (1734 WIBAUT A WIGAUT Tea - {4 ydw [y ) L -y
8oy ¢ (144 (244 29°0 [ 3 4 o1 [:1414 Nild ¥id das4d dsd 4Oud  N1g/QM d8/08 W oGl SSTUE DT~
1334 [ 14 0% t4 24 (N3] oL at [ 3444 T AN ROIINIOW
L1y 14 4 e (4 }] (38 L2 4 (34 0081
its (184 08§ °?e [ 43 8 1 " (1244 06sl dee g1
113 ] for '] 11 osd 0e 183 144 oret VRV TVIADINONIANT WUVaYS
2y 174 4 {08 (1 {3 | M 14 0°0 ”we ' 1t (1149 YING TVDIDOTONORLIW
uiurgY dasgy

A11

Appendix A Meteorological Data



44 4 or tos e Z'or ¢'e (284 L AN (24 LA 4 B s 1] BHE S
(2% (314 ors e 56t 0'c LFS [ w [ D £ SN A d 1 3 (1281
s 1y (31 bid ] L3 1] () (12 e 49 ISR { SN AP 1] e(et
(1% (344 "9 (14 et o0 $EY L 24 149 L AR S A 1) [ 348
[13) (214 sy (30 (381} (] 181 (281 144 L3 S e 1) 6eil
(18] oy (33 198 i1 e's (121 (28 | i AR Ad 1} 11144
tzy cor (13 (e 1'0r ¢'0 991 e [43 €00 $7(B8 crit
ey sor ey 159 10 0'e ort L o #°00 UEIE 51T
L8 1111 Gy (24 ) [an 14 oo (323 ok 29 $°00 I8¢ 0021
108 Tt (23] $41] [ 13 oo (121 LAR RN 11 vor  I'e8s srit
e wr (18 ) rze $°9¢ £Q (13 " re Lot CTeas o€t
"s (114 icy (24 5t oc (433 . 111 A6 CUREE 1
s (113 (117 el LI { S-S S5 £ 6 " $ 6 €7:86 0013
1131 (L1} L1 113 L 8’0 [T 1N AL BN 14 €6 Qets
1417 1419 {15 £89 et [ LS 24 L2 I 1 4 T'6X 0486 oict
#e [ 13 try (14 it 00 (434 L0 S { SN AE TN N7 [ BN 3121
(317 "t ne $is o'cr o'¢ " er < *RT eTi8k 0OOT
1429 L 223 ey s0s ¢ty o0 o8t ol LS TN ANS | L
(249 (114 ”ne s o°st  0°0 [ 12 SN S S 44 L4l 9'eBe GO
L1445 13 (3] 1141 (411 (414 (841 L e 1% ¢c 1341 € 149 Toet ¥LES s
1121 1513 1119 (414 $74€ 80 {48} v ¢ (SN AN 1] acs
1€t (134 (213 (144 ore 0 8¢ o'e (334 “L b 43 30 1Ti8¢ $34
[ 1A ST A J 1134 (243 {14 (113 tic 0'0 [:24 SR 24 SN 4 4 €92 1-ceé ofe
s “rcsssnnrne iy 124 (444 (144 U o0 RS S 2§ £C [0 Z NN A0S T B 31 |
[ 14 o8¢ Q e L e 2°1 1414 (313 (111 [ 114 t-et o0 LR SR A A ¢ 4 QP sTy8e OCS
ore 1214 ¢ 0 ¢ [$4 2N o 4 (31 1343 (32 tot 1'1r 00 " LIk T 1 4 (AR ¢ B0 1 { IR
13144 " 0 [ (] owro st 1134 L34 ot (211 iy 0°0 (4] LY §C I 5986 ofL
£33 a [ 00 L L A -] 1144 £33 134 80 ey 0°C 1 [ B 4 TTIr TTNee st
ore [ (4 [ MY L2232 2 4 £33 (811 114 oe 4oy 070 1) [ S 44 LR TS 281 1N 128
(113 [} [ 0°o 1144 It (244 e [3 (4} [ 347 [ ] os ez (4] r ot euee A12)
(114 @ ¢ -] w1 [ {14 orE o $ w00 143 L LA 4 B AY aEN A8 1 1]
i 1418 ] Q 0 Wttt tor $1419 o [ e 09 ot €8 L0 I°61 57586
[34] 1313 o g %0 LI 2 A 4 awor 1143 L] 0 L L ] [ 13 [ ot 061 $°S8é
(344 ot Q ] (31 N} [SA TN o § $0¥ £11% '] ° s'vr 070 € tr it 16t €606
ey tec o [ 1°es 0°0 ”M1 0'0 20 (143 o [ Tt o' 1t (S8} L1 c et zUses
ey 1141 -] [} [ 33 4 0°a (4] Lo sor xe 4 o ete (e € $° 1 (14 [ 2R AR a1 14
134 ort 0 2 Tty a0 e 90 o e [ [ 6 cr (] [24 "o [ 19 1°61 I°§8¢
(41 16 [} - sttt oo [1} o0 Ty oue e 0 ey 0°0 1513 [ 2% 2 11 ter T'S8s
{144 €« 4 0o o e 14 e »0er 1119 1] [ oy 00 t LI 4 t°61 I°586
131 1141 0 0 o' or 80 [311 o [ L N st LR S 4 (81 17886
131 ”"e o o 00 oty e (319 L] ] orr 00 ”n o9 &1 TUsee
[ 18] 1" d 0 (2] LI S & 4 oLt 0 4 oYy 070 3 [ SR 1 % 941 Lseé
Ly " 2 o (8] 181 “t ixe o [} ”or [ " LA 111 06l (CHé
(13] o ¢ ° 0°¢ ”1 (34 4 r?e o [} "0 L ’"E 8t 3t LAS 1 S AR 13
©w» 1313 -] o (-3¢ A3 NN A e o [} (84 (24 LR S 1 6 s sué
©w? 1219 o o eo LI A ] i1t 0 4 o0 ” rr oo 0L 9TEBS
osy (714 L 0 (-] ({14 e Ig ° o (e 119 [38 4 144 176 wreRs
L3 1414 1€ E 13 00 0z s €1 Q [ 00 « L.A- T 11 €702 #5604
(137 (311 5 s [2e3 80 ¢ T T°PE 0°'se¢ 00T (1141 0 [ 00 w L 3 $°0C 87586
18 (134 T L] S0 r'® i1 6°IC 0°$86 M1 (211 [ [ e’ 2y €3 W ¢ e e8é
b1 tor 113 -] €Iz "6 O1  *ZE I°686 OLLY ez < o o L3 [ SN S S A (AN 1 1)
1% (314 it o0 oz gtor o SNl e o o [ 123 »reou PIT 098¢
1333 (121 st 0°0 L4 I A T £ 4 (4731 i 0 o ¢o (13 0'0 2t $°1X 1984
(11 (113 T L] o ¢ €2 (221 [$11 o [ (-] " ISR SN T S Ak £ N S 111
5 16¢C (343 00 (124 t st orsY [ 243 L] o 0’0 LI €% 8L et $UeBé
€< ror 1114 0’0 ot . =« 197 (141 0 o 0’0 *"% 0t #Er sUyes
e zét L 20 " [T 1 ] 0091 sreansscsasesarrun srrvesseererutsbrattanstne
et 1 144 144 ¢°0 £ 144 L I 4 1 HBAUT  TIWA JTEAUT I8 - - B L wdu g B4
L 113 7y 144 e e 1 it (1111 ¥Id urs 488 as4 AGSA  dD¥S  ¥IG/OM 4S/08 KV DL SSNE IRIL
oos R34) 160 0°0 0z L3 $181 L N/SLIVA  NOIIVIOWN
L 14 (434 (444 o0 51 Lot o8t
(439 [ 1194 ne o0 1114 t ot 1122 06¢3 des 41
Les 1114 L3 o0 ”1 Lt ot 1321 VY IVINDINOYIANG WYWIYS
0 Loy (114 o 0 s61 L SR A% A 34 1 LI 1421 VIVG TWOID0I080EAIIN
1 TR
gy dasgl 00

L'

Appendix A Meteorological Data

Al12




109 ( £48 ) (14 L8 11 00 " [ MRS 910 YV (B6 Q0L
oo zor a9e "%e $Tes 0'g o8 L2 2 21 LRI SR LN 1)
[ 14] $0¢ [{:13 316 4°8E 00 [13 1L 124 2706 CriB&  QF(T
(3¢ ote e 1Te 3 00 LT3 §°¢ L T A 2} (253
(4% toy (134 L 143 ey o9 14 $e (%4 TV € ase obfY
"ne "or " 1313 0% (-] L 34 (4 ] [X N 20T T AT I S 1241
(-1 ”"e T oe o8 e L7 - TG AT { S E 2
o0y £41) (8419 a0 0% e L2 S I N1 | I 3449
1131 “e [ 98 {4 2°0 .01 Lot s 474 STLed oott
s 9 9°(C 00 (4] (BN 114 LMK T2 AT 1) (1231
009 1114 168 070 (1] L1 8T 8°&L 8Tee otUY
iss 06 0 00 " 19 6T 0°0C sTie6 5itY
tes tes €6t [ 3] L1} £°01 0c€ L6 9 (86 0011
£131 " 9t (0] te LN [14 $°6l LLe6 Syt
£119 (13 ] yor 00 L] $°¢ OC 9 6L (66 Or0T
(311 (113 $°5¢ 0'0 (13 LY j13 06T 98¢ gt01
s ol L] 0o L% IT1 e 8L S84 ogot
(117 ore (3 19 oo st [ 23 13 e
s {13 €0y £os 60 m L2 B { 4 ors
oecLre a°Q 101 ste e (12] L he 49 oo "l [ S ) 14
&1 00T %I [ 3¢ ] ”r tor "l Tt o0 L 121 L) " 006
L 3TN 2 & SN ¥4 ) xm ®r (713 (324 L°5¢€ Qe 01 Tt (23 see
L 1 ¢ 113 3 6°506 DAY o0 (113 (914 [ 14 Q0 LI3 [ [14 ot
“s00800000es0000 sssssencecusansveans SsssssrsnessreatEtavess sy (113 139 'ty o090 L 13 sy 14 (14
(144 1141 [ [ LR { S A ] € 0°(T Cie6  0OW "e nue o o't 070 (9 [ T 13 ooe
14 (141 [} ° e o0'e LE PTEL CTIRs S¥EX i<y ot (423 o'ye 0°¢Q L3 tr r (123
“oe (114 [} 0 e 00 €C 9°CLr toied el o 1111 [ 28 19 00 14 Tt oeL
scr [£11 [} Q ot 00 5 @€ I“(e¢  STLL iy (X9 rie 00 114 - 144 1398
sy e [ [ [ 14 o0 M tUrr T(8s  Qofl vee ot [ 43 %0 133 $ S FTIT 9UNEé 00K
0y (314 [} 0 [ AR 14 o0 . S'er otleé svll ”r " [N ] £ 13 4 143 irs
”r [3 43 ] [ Lec <28} €€ L2 otiee Qell (314 " o' 114 L . { 1 oy
(144 ”°e o L] T e 143 162 o'ied 1T tzr sre (-] of t 1$ (14
(31 (444 [ [ L AR1) 9 9GSt 0TieE oGkl 144 " ) [34 1 4 129 HoY
(334 ore 1] e 6 (t ¢ €2 0'sr # s el (244 szt o'e (24 € I3 1119
(334 (119 0 0 e 00 TZ 93T (986 OEX (344 [413 o's L3 » s ors
[ 1] 25¢ [} [ €t o0 (IR T2 S A T B 414 1214 (113 3] ot ' s £1s
Iy ”t [} [ 1R 60 ot et §'998 o0ONZ ”nr ore (] o [4 s oos
131 (114 [} ° eL o0 te 8 it s S0 (344 oce [N ] 1£4 € ”% (144
Y"e L [} % §°00 (2] ¥ T°aC £°%06  OEOL (134 e 00 114 L. 11 ere
178 e [ o L 213 (34 8T s°er TUees 10 sty 8ce 00 1 {4 € 95 sty
(484 138 1] ° [ 2811 o°8 T LTeT 0°96 00D ”e e L] 134 3 143 oor
s [ 114 o [ £ 00 0 16T e°seé st 1¥4) tee (] L) s (¢ (119
{8 (4.1 o [ s 00 Bt RTET 3°5eé  OCsT oy tee (A1) [ 14 1 (19 ocl
" (119 -] 0 e oo 61 86z 7586 S14Y (444 1133 oo * 1 43 (244
(1 1] i o ¢ (283 S -] QZ D0 S's0s 0041 e ste oo oS¢t 1 [49 oot
(14 (114 Q a [ o8 LI .1 % 9700 9586 Sl (144 (113 a0 (14 T 1s (144
(11 ot L] (8 '’ 00 L34 T°IC 8°s86  OCdX (334 ”i Q'0 (339 1 18 ot
" ”" 4 et (] 1) e st (14 (411 0o ot T 1$ $114
115 0 os £°s¢ (] L LGN -2 £ 4 Q0st ory 1341 90 [ 14 [ 4 15 202
”"e ” (€41 "¢t 0°0 L2 SN 2 {4 (1751 [344 1414 Ty 00 ” r & £121
ore ot Ht 75 00 L2 3 A 49 acel oy (411 L3 L) 114 1 0s ot
[449 (114 (141 182 € o0 a siie st " k349 ot 00 114 4 (1] st
(417 04t 6t (134 i 0'0 [ L. A {9 ot ocy ”"e "N o0 [ 13 o e oct
1311 e 1414 €2 [ 214 00 [ ¢ 5 < 4 (3423 e (43 L3¢ 00 oy 0 9 14
”"e ({19 ric T t'er 00 L LN e 4 1 (13 19 oy e 9Lt [ ] $ T of
e (113 f 143 (314 tec 00 LT3 28 (1 (€24 SEy e Tu ¢0 14 14 T st
({44 ror tsr 6% e o°0 i oee .11 324 resnessscnns treesscssnsenass
E44 ] tor szt 7y it 0% Ere coras st ATsAUY I8 uy - aw 2 oqw Wy
o (344 1we e s 0°0 T 1 £UIRE oced e vid JERA  dO¥d ¥IQ/OM dS/aM MY DMGEI SSRUd FNIL
111 [44] 9 e ”ic 6o tt I s SIST TH/SLINS  ROLIVIOWY
tes ozr ”r 142 L'ty 079 L8 LIt S98e 0061
(137 ({13 we 0 6t o0 |20 (N AX T T 424 Q66T dee o2
b1 ] L[4 s &8, a9t (] [T 2811 ‘986 oot VAV TUINIRNOUIANZ WHLUVS
({11 119 e T'se 0°0 0T 8°1E 6°%eE ST NING TYSIDOIONORIIN

unwrgy daspz

A13

Appendix A Meteorological Data




upwrgy dastz

Q oo
3 01
§t [ 943
®PErEIAENIONIIIENIINAIGRIIIRIIRAIITNIRGERIIE NS esen
e " [} 9 976 00 L M3
st {141 0 0 $€L 00 s
”y ¢ [ o [/l 1 S ] ¢y
[ 244 £E£L [ 4 [ 213 °'o rs
i 144 [:114 [ 0 9 00 L
ey e 0 ] e 00 L
114 sce 0 o e o0 i
"y e [ 0 [ 244 (0] Ty
$ 144 £ 134 [ 0 L 3l 1 00 L4
s SEE [ [ £'¢t 00 (181
"y €ee [ [ t'st 00 “p
(144 (129 L] 0 o' fC 0°0 s
e vee [} [ e o0 301
(244 (133 [ ° 138 {3 [ -] e
{144 1131 0 [ [ 20 £ S A e
(44 (111 0 o rT°ee 00 (3 ]
(144 L3143 o o T 0o L ]
sy (143 0 [} [ 2 (S A T°L
13 (311 0 o (38 O ) ¢
(44 ({11 [ [ I 00 [ 28 ]
o [ 151 o L] PA% AN N ) e
Twe (149 ° [} ”oC @0 L
"y nt [ o e o' Ty
1144 €5¢ 0 ] LA TS - ] [

. LYY TYTYTTY TTYYYN

IISAUT  JIMA ITMAUT WA -y - 1P udu

¥id I4 dsd 484 AS8A JOME WIQ/Gm dF/CM
T.N/RLIYA  NOTINIOW

06617 300 1L
YA TYINIRNONIAND WYYOYS
VIVG TYIIO0TON0AIAN

(19 €12 vLde LB
”»” 0" €z &
1$ t'rr o wsé 2A¥

vesrveavassesessrsrtsteren

2% [ 214 (113 ]
119 LAR14 o8
143 | 2R ¢4 (137
s er $is
s Lk <4 Qos
(43 [ 28 €4 $144
(43 [ AR ¢4 o
141 L 1314
(41 e qQor
(3 N 2 £ 4 $143
€5 L3844 ofe
143 e st
s LN £4 oot
s [N 14 £1£4
os $° 22 ott
o% T E114
1% | 24 (114
% $-2z £ 121
1% [2£14

[ I A8 44

o5 (3844

[ 14 L AR 44

137 | 2 24

(13 L 44

LYYy YR
L] £
¥ &OGL ssqWd DHIY

Appendix A Meteorological Data

Al4




Relative Humidity (%)
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Reflected Solar Radiation (W/mz)
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Reflected Longwave Radiation (W/mz)
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Appendix B
Soil Temperature Profile Data

The following pages list soil temperatures (physical) recorded at sev-
eral depths below the surface in two soil pits located within the Control
Site near the Sense and Destroy Armor test area, Yuma Proving Ground,
AZ. These data were collected during a 2-week period in September
1990. As with the data in Appendix A, these tabulations represent 15-min
averages of 1-min data. Temperatures were measured with waterproof
thermistors. The column headings indicate the approximate depth beneath
the soil surface at which each thermistor bead was located.

There are two sets of tabulated data in this Appendix. One is identified
by the “.wbk” notation and represents data collected in the wash bank pit.
The other set is identified by the “.spf” notation and represents data col-
lected in the pit located outside of the desert wash.
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Appendix C
Soil Classification Data

Soil gradation curves along with accompanying sieve data tabulations
for each of the soil classification samples taken from the Control Site at
Yuma Proving Ground, AZ, are included in the following pages.
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SIEVE ANALYSIS

SADARM -- YPG

PROJECT: CONTROL SITE

BORING: WASH BOTTOM SAMPLE: YPG~-1 DF:

DEPTH: DATE: 03 JAN 91

ION-PLASTIC GS: 2.59 we: .00
'LASSIFICATION: 108
GRAVELLY SAND (SW), BROWN

TOTAL WEIGHT OF SAMPLE: 2343.0 gnms.
’ARTIAL WEIGHT AFTER SPLIT: 61.2 gms.

MDG391

+DAT

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE

gnm. or NUMBER mm FINER
.0 1 in 25.000 100.0
67.0 3/4 in 19.100 97.1
178.8 172 in 12.500 89.5
228.6 3/8 in 9.500 79.8
401.3 No 3 6.350 62.6
273.7 No 4 4.750 50.9
319.5 No 6 3.350 37.3
346.0 No 210 2.000 22.5
23.1 No 16 1.180 14.0
33.2 No 20 .850 10.3
42.1 No 30 .600 7.0
48.8 No 40 .425 4.6
51.3 No 50 .300 3.6
52.8 No 70 .212 3.1
53.9 No 100 .150 2.7
$5.1 No 140 .106 2.2
56.3 No 200 .075 1.8
YDROMETER:
RDGS TEMP
1.3 22.5% .0577 .B
1.0 22.5 .040% .6
.8 22.5 .02%0 .5
.8 22.5 .0150 .5
.3 22.5 .0106 ]
2 22.5 .0075 .1
.1 22.5 .0053 .1
<1 22.5 .0038 .1

49.1e 4%, 06!
49.1 € 49.139
1.8

PERCENT GRAVEL
PERCENT SAND
PERCENT FINES

[

D60 = 5.99
D30 = 2.68
D10 = .83
CU = 7.25
CC = 1.45

PERCENTS

.0

2.9
10.5
20.2
37.4
49.1
62.7
77.5

86.0
89.7
$3.0
95.4
96.4
96.9
97.3
97.8
98.2

99.2
9¢9.4
99.5
99.5
99.8
99.9
99.9
99.9

EDE
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SIEVE ANALYSIS

PROJECT: SADARM ~- YYG
CONTROL SITE
BORING: FLAT SAMPLE: YPG-2
DEPTH: 0 - 5 CM DATE: 03 JAN 91
Lo 21 PL: 16 PI: S GS: 2.66
'LASSIFICATION: 126
GRAVELLY CLAYEY SILTY SAND (SM-SC),

TOTAL WEIGHT OF SAMPLE: 3051.0
’ARTIAL WEIGHT AFTER SPLIT: 76.2

WEIGHTS SIEVE SIZE OPENING

qm. or NUMBER mm
.0 1.5 in 37.500
29.5 1 in 25.000
179.3 3/4 in 19.100
273.8 1/2 in 12.500
225.6 3/8 in 9.500
183.8 No 3 6.350
85.8 No 4 4.750
106.4 Ho € 3.350
169.1 No 10 2.000
6.6 No 16 1.180
5.3 No 20 .850
1z2.2 No 30 .600
15.1 No 440 425
17.3 No 50 300
19.7 No 70 .212
22.8 No 100 .150
28.1 Ne 140 .1086
35.4 No 200 .075
YDROMETER
RDGS TEMP
16.3 22.5 ., 0497
2.1 22.5 .0366
8.6 22.5 .0267
5.9 22.5 .0141
4.7 22.0 .0100
3.9 22.5 .00712
3.1 22.5 .0051
2.4 22.5 .0036
PERCENT GRAVEL = 32.0
PERCENT SAND = 36.4
PERCENT FINES = 31.5

ams .
gms .

DF: MDO391

WC: .00

BROWN

- DAT

PERCENT CUMULATIVE

FINER
100.0
99.0
93.2
84.2
76.8
70.8
68.0
64.5
58.9

53.8
51.7
49.6
47.2
45.5
43.7
41.3
37.2
31.5

PERCENTS

.0
1.0
6.8

15.8
23,2
29.2
32.0
35.5
41.1

46.2
48.3
50.4
52.8
54.5
56.3
58.7
62.8
68.5

79.8
85.0
89.3
92.7
94.3
95.2
96.2
97.0

EDE

Appendix C
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SIEVE ANALYSIS

PROJECT: SADARM ~-- YPG

CONTROL SITE
BORING: WASH BANK SAMPLE: YPG-3 DF: MDO391A .DaAT
DEPTH: 0 ~ 5 CM DATE: 03 JAN 91

LL: 24 PL: 21 PI: 3 GS: 2.67 HC: .00
CLASSIFICATION: 144
SANDY CLAYEY SILT (ML), BROWN

TOTAL WEIGHT OF SAMPLE: 2425.0 gms.
PARTIAL WEIGHT AFTER SPLIT: 56.7 gms.

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE

gm. or NUMBER mm FINER PERCENTS
.0 1/2 in 12.500  100.0 .0
1.4 1/8 in 9.500 99.9 .1
2.4 No 3 6.350 99.8 .2
3.9 No 4 4.750 99.7 .3
5.2 No 6 3.350 99.5 .5
13.1 No 10 2.000 98.9 1.1
.5 No 16 1.180 98.1 1.9
.8 No 20 .850 97.5 2.5
1.1 No 30 . 600 97.0 3.0
1.5 No 40 .425 96.3 3.7
2.0 No 50 .300 95.4 4.6
3.0 No 70 .212 91.7 6.3
5.0 No 100 .150 90.2 9.8
9.7 No 140 .106 82.0 18.0
17.8 No 200 .075 67.9 32.1
{YDROMETER:
RDGS TEMP
14.2 22.5 .0506 39.6 60.4
9.1 22.5 L0374  25.4 74.6
5.9 22.5 .0272  16.5 83.5
3.0 22.5 L0144 8.4 91.€
2.2 22.0 .0102 5.9 94.1
1.8 22.5 .0072 5.0 95.0
1.3 22.5 L0051 3.6 96.4
1.1 22,5 .0036 3.1 96.9
.9 20.5 .0015 1.4 98.6

PERCENT GRAVEL = .3
PERCENT SAND = 31.8
PERCENT FINES = 67.9
EDE

Appendix C Soil Classification Data
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SIEVE ANALYSIS

PROJECT: SADARM -- YPG
CONTROL SITE

BORING: FLAT SAMPLE: YPG-4 DF: MDO391 .DAT
DEPTH: 35 - 40 CM DATE: 03 JAN 90

JL: 58 PL: 33 PI: 25 GS: 2.58 WC: .00
'LASSIFICATION: 162
GRAVELLY SILTY SAND (SM), BROWN

TOTAL WEIGHT OF SAMPLE: 2396.0 gms.
’ARTIAL WEIGHT AFTER SPLIT: 68.0 gms.
NSUFFICIENT SAMPLE FOR ACCURATE GRADATION

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE

gnm. or NUMBER mn FINER PERCENTS
.0 1.5 in 37.500 100.0 .0
47.2 1 in 25.000 98.0 2.0
10.9 3/4 in 19.100 97.6 2.4
27.5 1/2 in 12.500 96.4 3.6
64.0 3/8 in 9.500 93.8 6.2
138.7 No 3 6.350 88.0 12.0
117.6 No 4 4.750 83.1 16.9
178.6 No 6 3.350 75.6 24.4
2586.3 No 10 2.000 63.2 36.8
12.3 No 16 1.180 51.8 48.2
17.4 No 20 .850Q 47.1 52.9
22.0 No 30 .600 42.8 57.2
26.3 No 40 .425 3s.8 61.2
29.0 No 50 .300 36.3 63.7
31.3 No 70 .212 34.1 65.9
33.3 No 100 .150 32.3 67.7
36.1 No 140 .106 29.7 70.3
39.5 Ro 200 .075 26.5 73.5
YDROMETER:
RDGS TEMP
13.0 21.5 . 0532 19.4 80.6
11.1 21.5% .0383 16.6 83.4
9.4 21.5 .0275 14.0 86.0
7.3 21.5 -0144 10.8 89.2
5.9 21.5 .0103 8.7 91.3
5.3 21.5 . 0073 7.7 92.3
4.3 22.0 .0052 6.4 93.6
4.1 22.0 .0037 6.1 93.9
3.2 21.5 . 0015 4.6 95.4

PERCENT GRAVEL = 16.9
PERCENT SAND = 56.6
PERCENT FINES = 26.5
EDE

Appendix C
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SIEVE ANALYSIS

PROJECT: SADARM -~ YPG
CONTROL SITE

BORING: WASH BANK SAMPLE: YPG-5 DF: MD0391A .DAT
DEPTH: 40 - 50 CM DATE: 03 JAN 91

LL: 56 PL: 32 PI: 24 GS: 2.58 wC: .00
CLASSIFICATION: 180
GRAVELLY SILTY SAND (SM), BROWN

TOTAL WEIGHT OF SAMPLE: 2032.0 gms.
PARTIAL WEIGHT AFTER SPLIT: 54.3 gms.
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE

gm. or NUMBER nim FINER PERCENTS
Y 2 in 50.000 100.0 .0
94.0 1.5 in 37.500 95.4 4.6
.0 t in 25.000 95.4 4.6
16.5 3/4 in 19.100 94.6 5.4
61.0 1/2 in 12.500 91.6 8.4
99.7 3/8 in 9.500 B86.7 13.3
205.7 No 3 6.350 76.5 23.5
148.0 No 4 4.750 €9.2 30.8
163.8 No 6 3.350 61.2 38.8
183.6 No 10 2.000 52.2 47.8
7.3 No 16 1.180 45.1 54.9
10.9 No 20 .850 41.7 58.3
13.9 No 30 .600 38.8 61.2
16.9 No 40 .425 35.9 64.1
19.0 No 50 .300 33.9 66.1
21.4 No 70 .212 31.6 68.4
24.2 No 100 .150 28.9 71.1
28.1 No 140 <106 25.2 74.8
31.9 No 200 .075 21.5 78.5

1YDROMETER:
RDGS TEMP

11.0 22.5 .053% 17.3 82.7
8.4 22.5 .0387 13.2 86.8
6.6 22.5 .0278 10.4 89.6
4.8 22.5 .0l46 7.5 92.%
3.9 22.5 .0104 6.1 93.9
3.2 22.5 .0074 5.0 95.0
2.6 22.5 . 0052 4.1 95.9
2.1 23.0 .0037 3.5 96.5
1.7 20.5 .0016 2.0 98.0

PERCENT GRAVEL = 30.8
PERCENT SAND = 47.7
PERCENT FINES = 21.5

EDE

Appendix C  Sail Classification Data
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SIEVE ANALYSIS
PROJECT: SADARM ~- YPG
CONTROL SITE
DEPTH: 65 -~ 70 CM  DATE: 03 JAN 91
.L: 65 PL: 41 PI: 24 GS: 2.56
'LASSIFICATION: 198
GRAVELLY SILTY SAND (SK), BROWN

TOTAL WEIGHT OF SAMPLE: 2539.0 gms.
’ARTIAL WEIGHT AFTER SPLIT: 71.9 gms.

gm. or NUMBER mm FINER
.0 1.5 in 37.500  100.0
50.3 1 in 25.000 98.0
30.3 3/4 in 19.100 96.8
$8.1 172 in 12.500 93.0
89.0 3/8 in 9.500 89.5
157.9 No 3 6.350 83.2
190.5 No 4 4.750 75.7
301.1 No 6 3.350 63.9
391.8 No 10 2.000 48.4
12.0 No 16 1.180 40.4
17.5 Ko 20 .B50 36.7
22.8 No 130 .600 33
28.4 No 40 .425 29.3
32.5 No 50 .300 26.5
36.2 No 70 .212 24.1
39.2 No 100 .150 22.0
43.0 No 140 .106 19.5
47.3 No 200 .075 16.6
IYDROMETER:
RDGS TEMP
11.0 22.5 .0539 12.2
9.1 22.5 .0387  10.1
7.6 22.5 .0277 8.4
5.9 22.5 .0145 6.5
4.3 22.5 .0104 4.8
3.3 22.5 L0074 3.6
2.5 22.5 .0053 2.8
2.1 23.0 .0037 2.4
1.8 20.5 .0016 1.5
PERCENT GRAVEL = 24.3
PERCENT SAND = 59.2
PERCENT FINES = 16.6

WC:

BORING: WASH BANK SAMPLE: YPG-6 DF: MDO0351

.00

PERCENTS

87.8
83%.9
91.6
93.5
95.2
96.4
97.2
97.6
28.5

.DAT

WEYSHTS SIEVE SIZE OPENING PERCENT CUMULATIVE

EDE

Appendix C  Soil Classification Data
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'LASSTIFICATION: 216

'ARTIAL WEIGHT AFTER SPLIT

WEIGHTS SIEVE SIZE O
gm. oxr NUMBER
.0 1 in
36.1 3/4 in
60.7 1/2 in
62.0 3/8 in
121.6 No 3
146.3 No 4
318.4 No 6
605.1 No 10
12.9 No 16
19.1 No 20
24.1 No 30
29.1 No 40
32.5 No 50
36.0 No 70
39.2 No 100
43.2 Ro 140
46.9 No 200
YDROMETER:
RDGS TEMP
15.1 22.0
12.5 22.5%
10.9 22,5
9.0 22.5
PERCENT GRAVEL = 10.2
PERCENT SAND = 64.0
PERCENT FINES = 25.8

SIEVE ANALYSIS

SILTY SAND (SM), BROWN; WITH GRAVEL
TOTAL WEIGHT OF SAMPLE: 4194.0 gms.

: 75.7 gms.

PENING
mnm
25.000
19.100
12.500
9.500
6.350
4.750
3.350
2.000

1.180
-850
-600
.425
.300
.212
.150
.106
-075

.0512
.0371
. 0266
. 0140

PERCENT CUMULATIVE

FINER
100.0
99.1
97.7
96.2
93.3
89.8
82.2
67.8

56.3
50.7
46.2
41.7
38.7
35.6
32.7
29.1
25.8

21.8
18.2
15.9
13.1

PROJECT: SADARM -- YPG
CONTROL SITE
BORING: FLAT SAMPLE: YPG-7 DF: MD0391
DEPTH: 75 -~ 80 CM DATE: 03 JAN 91
L 76 PL: 39 PI: 37 GS: 2.60 WC: .00

PERCENTS
.0

64.4
67.3
70.9
74.2

78.2
81.8
84.1
86.9

.DAT

EDE

Appendix C  Soil Classification Data
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Appendix D
Photographs of Dominant
Plant Species

This appendix contains photographs of most of the dominant plant spe-
cies found at the Sense and Destroy Armor test area and the Control Site.
In three cases, for the plants designated, CEML. L.ATR, and OLTE, photos
taken before and after local heavy rains show how much vegetation ap-
pearance can change as a result of different recent weather histories.
These are not before-and-after photographs of the same plants; however,
the change in leaf density is typical.

Figure D1. Ambrosia dumosa (white bur sage), AMDU

Appendix D Photographs of Dominant Plant Species
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b. Close-up view

Figure D2 Cercidium microphylium (yeliow palo verde), CEMI, prerain

Appendix O
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b. Close-up view

Figure D3 Cercidium microphyllum (yellow palo verde), CEMI, postrain

Appendir b Fhatographs of Dominant Plant Species
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b. Close-up view

Figure D4 Encelia farinosa (brittlebush), ENFA

Appendix ' Photographs of Dominant Plant Species

a. Full view
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b. Close-up view

Figure D5, Krameria paravifolia (white ratany), KRPA

Appendix D Photographs of Dominant Plant Species
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a. Full view

b. Close-up view

, prerain

Larrea tridentata (creosote bush), LATR

Figure D6.

D11
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b. Close-up view

Figure D7. Larrea tridentata (creosote bush), LATR, postrain

Appendix D Photographs of Dominant Plant Spe.ies

D13




b. Close-up view

Figure D8. Lycium sp. {wolfberry), LY-—

Appendix D Photographs of Dominant Plant Spacies

a. Full view
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b. Close-up view

Figure D9.  Olyneya tesota (desert ironwood), OLTE, prerain

Appendix D Photographs of Dominant Plant Species D17




a. Full view

b. Close-up view

Figure D10.  Olyneya tesota (desert ironwood), OLTE, postrain
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Appendix E
Photographs Depicting Thermal
Infrared Image Views

The following photographs taken from the observation tower at the
Control Site near the Sense and Destroy Armor test area, Yuma Proving
Ground, AZ, are intended to give the general impression of how the ther-
mal infrared imaging cameras were pointed for each recording. The num-
ber of degrees shown on each figure represents the depression angle of the
cameras.

Figure E1. Scene 1, west wash, 7.5 deg

Appendix E  Photographs Depicting Thermal IR Image Views
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Figure E2. Scene 2, 14.5 deg

Figure E3. Scene 3, 22.5 deg
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Figure E4. Scene 4, 17.5 deg

Figure E5. Scene 5, 20.5 deg
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Figure E6. Scene 6, 32 5 deg

Figure E7. Scene 7, 14 deg
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Figure EB  Scene 8, 10 deg
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Figure E9  Scene 9, 10 deg
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NRL calibration panels, 34 deg

e 10,

Figure E1G  Scen

s. 30 deg

Scene 11, infrared calibration device

Figure E11
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Appendix F
Spot Measurement
Thermal Infrared Data

The following photographs show the terrain features toward which the
staring radiometers were pointed during spot measurements of thermal in-
frared signatures collected at Yuma Proving Ground, AZ, in September
1990. Also included in this Appendix is a tabulation of the 15-min aver-
ages of the apparent temperatures measured by each of the radiometers.

Figure F1. Radiometer 1, desert pavement
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Figure F2. Radiometer 2, vegetation species AMDU

Figure F3. Radiometer 3, gravelly sand in wash bottom
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Figure F7. Radiometer 7, bush at base of tree, looking east, later pointed
toward silty bank soil
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Figure F8. Radiometer 8, south-facing deadwood
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